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i’a d ia t i ;1 1l Ja i i s : t a , s- p t ’saHaed i l l  si t i c on  SClll isas I td i l ct ur  dt ’ \ i c e s  and  t h e  e v a l n a —

t ion o I’ the ac c n l ’ a cy  o l ’ the method . ‘l’he :105 ’ Lt I’ as ’V S t~ d st  era 1 ~t ’d I /O  cul l i —

a rin g t h e  hIIeast II’esl r~c-c i I t o  t o  t h e  ‘‘kn ot ’ .n ’’ spec t ml : : :  for  t h r e e  d i  t ’f ei ’ent

s p ec t r a , and  by carry ing li t a s i t  i ’ i at  l i ’ I I : i  I s t u d y  ot ’ t h e  :is’:i5~2 rL - : :ii ’nt

I s’, hn i quo .

The d e t a i l e d  ) l1 ’ I S s’ s’s l I t l ’ s’ t o t ’  ‘ p i l ot  i t ’
’ I ng t h ’  neut l o l l  t ’ i e l d  i S  p r e s e n t e d

: i S t I v e ASI ~I S t’a t ’t St :inda t’j  s , They a i’e inc  I iidesl as Append i x  A ,

h is  t’epo rt cov e r s  t i le i5 i s rk  s o u p !  i’t s’S in Ph:i :;e 1 (Task I w h i c h  sas

:‘sl l i l t  d i t r i n R  t h e  pe i ’ io d  ~I : iv  1 , 10: to I S ’ I l l ’U , i t ’ \ ,ls , I 0 ’3 , m d  I ’hase

sk 1 3 1  . wh i c l t w : t s  sa : I lp  i s - I  s’sI ( I t t s ’i ’ s’ i’ 3 1 ) . 1 0 ’ O . I n  Sect  i on  2 , a

C t  i’ es i ci’. i s  i en ol ’ t h e  :idr.sit t ape s ni l  shor t  corn i mis 0!’ s e s e r a  I can S i —

~l .i t s ’ “at hod s 0)’ Il c i t  ro ut  0 1 1 ( 5 ’ 1 l ’oI I I et  !‘Y . li.’ r e a -~ot s s  1 , 1 ’  choo s I n~ t h e  t o  t 1 —

a c t  i v a t  ion net hod a c  c i t  ed t h e r e  . Sect  t 01) 3 p 1 1  ‘ s i l t  S t hi.’ S s t  :1 i i  (Id me t h u d

~t o : s a i n i n g  a u t v i t  1’0i1 spes ’ t l ’ s l : :  s i t h  f o i l  : i c t i s ’ a t i o n  d a t a , u s i n g  t h e  S A N I )

II nn t o l d  t n p cosl ~ is th t s t h r e s h o l d -  f i  i i  c ro s s  - sect i on sot , and  s e l e c t  i ng

:t S a l  t a b l e  - ‘  - t a - I ’’ sp s ’ct runt t o t ’  5-\T’S l 1 1  i u I 1 C l t t  . Sec t  i o n  - I c lmel ’s  t he  w o u ’ k

slOt).’ to  oht a i r )  t h e  ‘ ‘P e st  know n ’’ sp ec t  runt I i ’  I’ s’ )IIi i):II’ i ‘101) w i t h  t h e  !s .\\l1 II
re su lts , Sect ion A p r e s e n t s  the c-a t hod ot  o l ’ t . i i n i n g  4 / I - . t h e  t’ luence

of I - ~‘ts ’t neu t  r ons  requ i red t o  p r o d u c e  t h e  same r od i at  i o n  d amage  as a no i t

t l s , i enc e  ot  ne t i t  l o l l - I  t r s s t i  t h e  Spes ’ t r I l t l t  h e i n t l  s’h a u ’ a c t s ’ u ’i:e;l , i n  Sect i o n  ~i

he s t  hod of  oht :t ltl ~ 113 1 St expel’ i nlenta I spes’t ra front t he W hi t e Sands

~1i ss i le -llrti t e l a s t hurs t Reactor (WS ~~1R I - B R )  i s  described . Inc l ud ed is a

s l e ’ s c r i p t  ion  0) ’ i ’ .or k  done to a s s e s s  the  i m p o r t a n c e  o~
’ ss~le s ,t , l ug  a good

s t a rt in c. spect  rum — one t h a t  i n c  lud es a l l  the  p h y s i c s  of the  neu t ron

- ,i / I I  r a t ’ , t he s h i e l d i n g ,  and t h e  flea i’h scatter ing mat  or ia  I . S ect ion 7

pt ’e o e l I  t S t h e  ‘ - s a l  t s s f  t he v a r  jot iona I ot  ud~’ . ‘l’h e pi’s’c is i On of the

1
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mc ’asur i  ng t s’chni que was s’s- :i 1 uated I t v  r em easu i ’ i t ig  t h e  ~s S V l t  FBR °!~~~~~
‘ t i’a i n

t hs’ g is )  r h o l e , and  Ap cm fr o t n  t he reas’ t t s  t’ . ‘1 1w IUCO l i t  t’ s’l~t i ’ t i t S W e t ’ s’ t u i ; td t ’ b~’

a sI i t t e r e n t  s’\ p t ’u’ i m e n t a l  g i’ot ip  sit Ii the i i ’  own f ’o i Is , s I s - t  es’t  or , and  gamma —

r ay  s’ : i l  i b r a t  ion  s o u r c e s .  ‘Ihe  r e s u l t s  a r t ’  p r e s e n t e d  in Ses’t ion  3 , \ ‘ l ’ R l c . .\

l’s’a,’ t 01 ’ sp ec t  rum t, tnuch s o f t e r  I s : i s  um e a s u r e s l  , i n 5 I  c o mj l ,t red Is j t h  a c a l  ciii a t e d

sps ’s’t r IlI l i . \ l s o , t h e  s v s t e m a t  is’s of u t t e a s t i r i n g r e a c t o r  s j s- ’ ’ t ra became

p~s : i r en t  ( s e l e c t  i ng t he t r i si  1 spec t rum ) . l’}is’ss’ :1 re S i 5 C I t S  s .d  i i i  Sect  i oti s

s and 1) , where the  r est i  i t s  of t he  l e e  en t  me si sure rnent s at e p r e s e n t  s-i , I n

add i t  i o n , :m d i s c u s s  j o t )  of ’ the relat ionshi p bet  ls s’eul t he p rec  is.’ sp s.- s- t i ’a!

c h a r - i c  t ci’ i :at ion  w h e r e  t h e  ‘ ‘known ’’ spec t rItlIl i S to  lded i n  w i t h  t he ‘ ‘k nown ’’

d a m a g e  func t  i o n )  , and t h a t  of u t  i 1 i I ng the  spec t r :t 1 i n d e x  [s I =

L >0.01 MeV)/(~- °3 ~l ’V ) ]  is p r e s e n t ed  in Sect i o n  10 .

The d e t a i l e d  met  l iod o l  ogy of t h e  ‘ ‘Oeutron I)os im e t  t’ St ind a  i’d’’ , t lie

sutuirna r v ot’ t h i s  rs ’ J ’or t  . t h e  co m ic lus  ions , and t h e  a s s e s s m e n t  of t h e  p r e —

c i s  ion  and a c c u r a cy  of t i t -  n t e th o d  a re  w e l l  ovs ’re d in  \pp end  i x  . \
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2 ,  SI I l L  I l I O N  UI : :\ 510 C I I I O Y ~) i Il t’i ~‘ll 1110 1)

I ’he mos t  pI’oiilos in tl ui e lit 1’Oul sps’ct I’Oliis ’ t I’ m. - t ho,ls t ’or  :1 1) 1) 1 i s ’at  i o n  t o

i’i ) i C  i s t t I  d a m a g e  s t u d i e s  i n  s m i  i s ’un ( 0 . 0 !  t o  I- I  t ts -\ n e t i t r o n  em~ ’t ’ i n t e l ’ —

s- - i l )  i r s ’ t h e  t i i n e - o f — t ’l i g l i t  ( ‘ l Ob ) met  hod , t h e  or~l : m t i i c  s c i n t  i i lot ion  s i / s c -

10cr  Is i t h  p t i l s e — s h a p e  g : tL I IL :L ,i - r : iy  d i s c r i m i n a t i o n  p r o s - a r t  is ’ s , the

y r - t o n -  t’ ,- c o i  1 p r o l s o r t  ion;t l c o u n t e r  sps’ctrometer , com e ideiice sps’ctl’ouUets’ u’s
- 3 3 6~~~~ 5

i t t  i 1 t :  I 113 t i l t s ’ I e:t C re: ict  1 O I l S  such  as l Ie  ( n , p )  II  ansI I . i ( n , , I I I  w t t h  co i n c  I —

d eric. ’ c o u n t  ia o f  t he t i5 , r e a c t  i o n  p i ’ o s l i t c t  s , t h e  proton— i’s’co i I spect l ’ l s l n e t  er

t e l  s’scope , p r o t  .~a ~
- r e c i)  I 1 nu c  I e:i r t i l l  i s i o n s  , t It r e sho  I S  - fo i I—act i v a t  i on

spec t I’ ’- ‘ at  i’y , and  si  I i c o n  it sel l ’ is :t dos i m e t e t ’ .

2 , 1  I l - f l  — O F ~ f j , I C l I I  S l ’ l - C I i l O . ’Ill ’ l R\

l ’he ‘lob met hod i s  i / v  t a r  t h e  mos t  a c c u r a t e , sincs’ it s’,ives a d i  rei.’1

:i:t’ ,Isl,l ’s,- o)~ the s s ’ l o c  i t : ’  of ’ s’:tch n e u t r o n  ds ’t s ’c ted ; t h e r e  i s  no I m n ) l s l d i n g

to he s lone ’ , and  ~oosl one r~ v r .-so 1 u t  on i s  fe: is  i i ’ l s ’ ( R e f .  I )  . I h e  sit - I  e c t  sr

et’t’ i c s ’ncv se  r s s t s  n e i l t  ron ens’ t’s~s i s  t he onl  v ci’ it i cal i n p u t  , m u d  t h i s  ha s

‘. 5 1 1  i ’ h t  :m m et! i s i  t h  ~ oosl :i.’ c t t r ’ a ce  i n  a s’oord m a t e d  - t ’ ) ’i s r t  u t  I i :  i ng m e a s u r e —

m e r i t s  :irisl  c : m l c u l : i t  i o n s  ( R e t ’ . 2 ) ,  l l ow s ’ v e r , t o  be u s e f u l  i n  t h e  pe r t  i n e l i t

ens ’r c ,’ x’ an~ s’ , a n a n o s e c o n d  p u l s e d — n s ’ i t t ron s o i m m ’ c e , a 50 — t o  2 ( 0 ) — u n  t ’ I i g ht

p a t h  , a Set  s c  t or  Is i t  h nanosecons l  t i mi le x’s’so 1 ut ion  . ~uisl :t n et mt run  ,t s seml ,  1:’

is I t Ii sli t I t  n e i i t  ron d i s ’a l ’ . l l ”  t ir n e  m u s t  be a s : t  i I : m i ’ I  e . The (1(10 I los i  i S ye rv

s’xpe li sive ansI few such f : m c i l  i t  i e s  ‘ire reasl i l v  : i va i  I : i b l e .  N o n e t h e l e s s ,

t lie s e t ’  i f  i c ; t t  ion 2 1 ) ’ the ‘‘known ’’ or ‘‘ St an d :i  r sl’ ’ spec t run t t ’or t h i s work sos

sat r ’ r i e s l  s i l t  w ith the ‘l’OF lilethos l , as di scu’ssesl i n  Sec t  ion  I . W i t h  t i l l

ski  II fu I m s . ’ of good geomet rv sh is’ id i ng a n d / o r  g a m m a —  r a y —  i nss’ns it i se

Set cc to rs , rc :m sona h 1 y good gamma — rae r ej  s’s’ t 1 Ofl cat) be :i ,’lt I s’cs’d . l ine r g  is’s

s i t ’ t he rm : i  I t Ii rough 200 ~1s’V can reas l 11 y he mc:i sured
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l o t ’  t i l t ’ case  1 5 )  t’ s - , i c t  or spe ct ml ’’ , hoss ’s- s’r , t h. n’~i t t  r o l l  d i  e~l s a ~

t iumi e i s  a v e r y  s e r i o u s  p r o b l e m .  Il l s’ lOb l t t e a ’ l l r t ’ i : l e l i t s a m ’ s’ only sss ibis ’

Co ‘ fast suhc i’ i t  i c ,  1 a s semb  1 es w i t h  k , , “— 0 .  1 or  I s’ss , i’ i t  I t a i o t l ~ 11 i l i l t
e t t  -

p a t h . :insl is t h  c o u n p l e x  S i e a w a s  t me s’ou’l’ es’t i o n s  I i s )  s . ,’, , I I

1.1 l ’ k O k ) N — R P C O I L  S C i \ l  I L ! , A l l O N  510 C i  k ) ’ l i  l ’bR

‘i’he p r o t o n - m ’ e c o i 1 s c m  i i  I : t t  i o n  s p s ’ c t r i s u i e t  er ( R e t  S i  i s  u s e ) ’i t l

a h - a i’ s’ l O P  un e a su r ems ’n t  5 : m r s - n o t  t e : i s  i b I s ’ , and w hs’ re  go: ssl ~eoms’t u’ i c s I ’ ) ’ t —

c i e n c i s’ s or .’ i r n p O i ’ t : i t i t t o  o i t t : i i n i i  s t , s t  i s t i c a l l v  s i g n i f i c a n t  is - st ilts

( l ~t’ I s . b , ” )  . lI l a cs  s i ’ , t h e  a t u r n a -  r ay  r e i  .‘ct I O t t  clipa l) i l i t  
~ 

s ith pu Is .’-

sh~t ps ’ d i  s c r i m i n a t  i o n  i s  not  asls ’ l i i l a te  f or  r e a c t o r  Ct1 ’.’ i  l’ & ’ i l t i l s  li t 5 u n l e s s  t h e

r e a c t o r  i s  a : e r o—  sosser a s s e m b l e  t h a t  li~is l u s t  b een auh~ cc l  S t o  Ii i glt—

pot~i_’r g a m m a —  ra h i m i i d u p .  ‘I he 51. - t  et t o r  t’ s’sp on ss ’ mus t  be s’er v  I l s ’ ’ m ’ut s I  y

kn own  O S a t i l t / c t  i on  01 n eu t  i’on eu s ’i ’gv  ; ot h e r w i s s ’ , e r r o r p r op a g a  s i o n  t o

Is / i s  s I l O  r.- is’s ss’ve u’elv 1 urn i t s t h. energy range of t he ‘- l ’ ec I m ’ O l l l s O  em ’ . Sps’s’ I r  a

have  se en  report s~s1 fo r - - 0 .  5 t o  m i S  ~1e\ is i t t i  t h i  s mc -! hod

2.3 Pc.IOIi l N--RP CQ II , I’ROI’OR ’FIi (N\I, 1 i l I l . \ l i k  Si’! - ( i I S ) ’ i i - ITR

I t - t e e  t o i ’ s  u t  i i i  i r ig p r o t on -  r eco  i 1 p rolls) r I  i ona I a’ - i i  l i t  e rs  h~m v s -  l , - e t l

i p p  I i  s’d a I t  1 good slices’s s f r ot n  ‘
~~A k s- \  I o 2 ~1 e\’ ( R e f s ,  , I I I  i n  t’ e , ic  t or

a r t ’- - , l A O s !  l i ~~ to abou t 10 ‘—I. ’\ (3s f. 10 1  m l )  “h s ’ :i i i i ’’ g s ’ o m e t r i  es w h e r e  t ie-

ns’uti’ons :ire p arallel to tlis’ :ixm s ot’ , i  I o t l c , g a s — f m  1 led  p ropo t ’ t i t s i l : i l

c o a t l t  s’m’ . \ -  i n , g a m m a —  r a y  di 5cr 1 rn i n a t  b i t  is a 5cr i oti s prob I s i ll e x c e p t  itt

a “cold ” re ,m ctor core -- I l l s ’  t h a t  15 I I - ’! v e r y  g a l n n l ; t  m ’ a s l i o a c t  ivs ’ . ‘l ii i s

ass t hod is gs’rls’ m’Im I is’ cons i d e r ’ mh 1: ’ ( l i e s ’x p s ’n ’~ t se  t h a n  t h e  thre:-:h o ld— t’o i 1

n e t  hosl , t’s’ip i i r m 113 v e ry  l o n g  s’ O I I I  t i ng 1 1 t11C5 ~m t m a n s ’ gas  ga in set t i rigs and

in  oil  — I in c c-anplm t e r t o t ’  bes t  gamma — r ae  di scm’  i m i i i~ i t ion s’lll)III) i 1 i t i s’s

F i r l  em’ m e t h o d s  u t  i i ized a series sO ’ ci s i t n t s ’m ’ ’s w i t h  i l l s ’ l ’s ’ I i S i  113 11 Ii i 3 ! l s ’i ’

p r o  ~l t i ’ s’5 t o  c o v e r  i n c r e a s i n g l y  h i gh e r  neu t  ron e u l e r ’  is’s w i t h  good g~m n ~ma

d i s c r i m i n a t i o n  ov s ’ r a l i m i t e d  r ange , b i t t  ) ‘es , i f  - m v  r e l i a b l e  s p e c t r a

s p a n n i n g  :i I , m r . ’ e e n e r gy  r a n g e  ba ss ’ been r ep o r t e d  w i t h  t h i s  I s a c h n i que .

S
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2 .4  “lIe . \\ l )  b i,~ COh N I R S

C o u n t er s  us I t i g  exos ’rg ic nt is’ Iea i’ r eac t  i o i t s  of ’ I I g u t  a r t  ic is ’s , o i ms ’h

I t s “lie (It .p) “II and t
ii (n , ) “I I , hays’ been used 1 s t  t h co i tic ide ui ce- ; I e ; i s l l  r e - I : ,  ‘ a l I t

01 t h e  two re lict ion products (Ref. II). l’he l l : m . I l l : m — m ’ :iy re i t - .- t  i o n  c a m i  hc

i’ s’a s s)n : ib  I v  oosl i n  a sit i elded .1 iode cont’i g i t r a t  i o n  ( R e f .  11  I , lint is st he r —

w i s e  gs’nei ’a l 1~ i n a d e q u a t e .  One of ths ’  lI lt  i n  p r o b l e m s  i n  , t  \‘ s’m ’-a low 5’ s u n t  s r

s’t ’)’i c  i e m l c v  . l ’es i i t i  r i n g  long  r e:ls ’ t s i i ’  t i m e s  fo r  a ‘h od lIs - Ii’sit r ,’Ills’I tt . I

r anges  of m l  Ut ) ket  to  5 to  10 M e\ have  been r e p o r t e d . :\t ii 1 gb e n e r g i e s ,

i’ s a i c t  i o n — p m ’o s l u c t  b as’k gr ou ind , t i t u l t  ipart  i d e  brs ’akup , and t h e  vem’ :  fssi ’is ,im’d

a r i g u l a m ’  d i s t r i b l i t  i o n s  s e v e r e l y  I m i t  t h e  a c c ur a cy  of ’ t l ts ’  c o m e i d e n c e —

s’o l tn t  i r ig  met hosl

l . A PR O ’I ’ON —lU , COI I , I I -  l , l SCOI’i

‘I’he p roton— i’ s’s’ L) i l  tels ’scope consists ~1 ) ‘ a hysl i’og, ’ l I s ’ o l m s  s c a t  t e m ’ s’r of

a g i y en  d i t i n e t  5’)’ s epa r a t ed  hr a Set s’c to  r sees ’  r :i 1 .1 i anls’ t ers awa y . lb i s

is  p l a c e d  i n  a n s ’u t ron  h eau n in c  ideu it a l o n g  t i t s ’  colli m luo n , i x i S  si t t l i . ’ sc’i t e r e r

and ds’tecto i’ , ltac kc~t’otirisI est i m a t s’s ars ’  made  b. r s - ; -  1 : m c  i ng lie b~’d r lm ’ r l t -o us

sc :tttere r (itsual ir Cli , ) i sith a c , i r i s t s l l  s c a t t e r e r .  l b s  unet  lt , I g i v e s  t h e

u i e t i t  rout s p e c t r i l u  d i r e c t l y  because  t h e  t ’Is r l s , m m ’ sI ss’ , i t t e r s’sI - r o t  , - I s  h a l  5 ’ l I l t

s l i t ’ m ’gy esiua I t o  I he i l ls’ 1 s i e ui t n t’ t t  t m’ on eri e rgv . ‘I h i s t t t e t  hod c~m ii 5 11s - ra ts ’

oo I v  i n  a beam georn et  rv . I t  I’eqoi i’s’S a n u l l l l i s ’m’ 0 )  lhi s ’ : i s l t r ’em el i t  5 , e ; t s ’li  is i t h

a di  f t ’ei ’ent  s c a t t e r e r  t l i i c k n , ’ss , t o  covet ’  a l a r g e  r i n - c s ’  0) ns’Iit roll s- t ts ’rgv .

The ba s’k gr o l in s l  d e t s ’ r ’ l I i i u i l i t  i o n s  : tr e  , in  m lto st  c a ses , ei’~ iii :ics ’ur m ’ate b ecause

of h i g h —  e n e r g y  n eu t  ron i n t e m ’ ; i c t  i ou ts  w i t h  : i l l  t h e  s t i r r o t i m i d  i rmg t mi at  em ’ i a l

esps ’ c i a i l y  t h e  m i t a t e r i a l  n e a r  t h e  s cat t e r e r ’ ; t h e  ds ’t s ’c to r  e f f ’i c i e n c ) ’  is

v e r y  11)5 ; gamma b a c k g r o u n d s  i r e  u n m a n a g e a b l e  for  most  r e:is’t o r — t y p c

in s - i oi u’em~u e n t  a ; ansi  t h e  ‘‘ sp I is’ i ng ’’ t o g e t h e r ’  of see s’r ,i I segms ’ul t  s of ’ a sps’c —

t rum i s  ne :i i ’ l v  a l w a y s  p r o b l e m a t i c .  E m i e r g y  r a n g e s  of — 2 t o  ‘s~]0 I l e V have

been ach i  s’ys’sl in  nts ’a ss im ’eunent  s wher’e t lie ga t ut m tu a — r a y  b a c k grounsl s are low .

2 . 0  \ i i C l i , -\R F \ l t i I , S EONS

1-’ i ’o t o I l — r s ’ c o i  I n i t s’ le ar  e m u l s i o n s  h a v e  h es ’uI used )‘or s a r i : ’  r e a c t o m ’ —

spect rum uneas u i  u’ s - m i ll t ‘4 i n  t lie 2— t o  1 )  l — ~iIs ’\ erie r gy r an g e .  ‘l h s’y i l  so ha .  s’
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lo is et ’ f i c  i s ’nc is ’s . i r e  subj s ’c t  to  / ‘ ; t l l l l l l l t  - r ay  d a m ’k s ’ i t i  ti g . amid  r e i l l l  i I.e I
la bot’ i c / Its , manua l r e c o i l  — t rack  u n i e a s t i m ’ s ’ m e m i t  5 f o r  s~:is , Ii s’xp osed s ’ um tmi 1 s i

2.  ‘ I ’ l i l i l ~S l i O l , I ) — P O  I i , — ,-\ C I l \ ’ \ ’I ’ I O N  S I ’ l O ; I  il0~Ii1RY

I A  i s n t ie t hod , cu i i ’ r e n t  I y u s e f u l f o r  t lie m ieu i t  r on s ’m t s ’ r’gv n’ It u I p . ’  of t h e u ’ l l i : t  1

t o  v 13 om’ 20 ~‘ls ’\ ’ . i s  app  i i  cab i s’ tsi 1) 0 1  It 1) 111 scsI :iu isl st s’as l y —  s t a t e  ns ’um t  r omi

f i e l d s , an si has  a rem na r k ab  lv  h i  gli  t o l e r a n c e  I s) ga u im ~a — t ’ :i: ’ ) I  s’ I s i s  , ‘I w o

n o t a b l e  e x c e p t i o n s  s’ \ i S t .  l l is ’ss ’ a p p l e  t o  I~ . t’ i s s i s i m u i am i d  ( t , n ’) m’e~is’t is ’ l t S ,

w h i c h  set’ is / Its lv  com n ip l  et e w i t  Ii (i t , i i  ss i ott I ansI  ( n , ml F r e - i c  t i o n s  i n  t he so luts ’

f o i  i s .  These gatn ~i:i t’ elis ’t i o n s  ire i ii i p ortam l t ( a )  fo r  l i n a c — t y p e  (~~ , a i  5 o l I t ’cs ’5

whe re  t he I , i n t ac  b re t n ss  t n’ : i i i  1 w ig  i s s e  mm 1 n t  s’ni ss ’ and  s’ns - i ’ gs’ t i s ’ i t  lie , 1

t i t t ’ e s h s  lds  ire  a t  ‘ l b  0 “ls ’\ F . : t m isl  ( b )  t ’o m ’ r e : i c t  or ’ spect  m at n l o w — 2  m i e u i —

t m ’o m t sh i s’lsl s . such  is wa 1 s r , m l  I t o  2 f . - 5 -t  i mi t It s’ sit i e l sI  0!’ deelis ’ r ’

‘l ’lis ’ f o i l — a c t  i s i t  i om i  n i t  hosi s:t s of ’ ye rv 1 in t esl u s.’ t ’u 1 m i s ’s s u s ’  t ’si m ’ s’ I he

a d v e n t  of ami e v a l u a t e d , c l/ m i s i 51 s’lt t  s’r’ t i s S — S s ’ s t  i on  set  , :in u im i t ’s i l d  i t i g  code

t h a t  m ’ et a r d s  s p u r i o u s  51 m’~m 5 - t u i m e , amid  i’d i , t b l s ’ n eu t  rom i t r a m i s p o m’t cosles

(a m isi  c r o s s — s s ’c t  i o n  s e t s )  t c s  s i ’ t s l i d s ’ a p h v s i c ~i I l y  m i t e a n i n g f u i l  t n i l  s p t - c t  t’uill .

I h e s e  :trs ’ sI i 5 C i 1 0 5 5 ’ si i l l  tutor .’ Set i l  I i n  t lie n s ’x t  s ec t  i o n .

2. 5 1151 UI S I l I C O N  i i s i  1,1- \S ,-\ I ) 05 l ’ - li  l i i i’)

i i i  i s has  i ’s ’ s’ n I ’ll  I ssl s I l t  as i rnpi’act i cIt  I b e c a i m s s ’  0)  .1 i I f  1 s’ I i  i t  i s’s i m i

c-s i s~t r  i m i s ’ t Its ’ m mu t t l t i / s’n’ t ) t  51 j 5 l o c : i t  I o I l  ds ’ l i t  s - n o  , lIts ’ S~ I c o m i  wsul IsI  h a v e  t o

F s s ’ kep t c l / I .1 ( : t t 1 I j I t  isI ~ I t i  t r s 3 s ’mi I . ‘1 1e  m at t m im ’ s’s or  cl / i .1cm’ i s l i t  m ’ i m i g a nsI a f t e r

r a s l i h i t  i o n .  i I ,i::l,i s b s’ _ :m m t m ie -:i I i  rig t ro ll :il I -~ o I I t ’ce5 w s I I l s i  ha y s ’  to bs’ con ’rs ’ct i r

r i c c o u l i t ed t o n ,  I t  s’a m t s t y  1 s t  t It t h e  t s  pe 0)  d e s - i s ’ s’ , t h e  cn i ’ m ’en t sl r :i mi

tei :ij i s’ r att ir e , gattiuut a — m’ ,i:’ c lose  i t t  5’ , m I l d  pc ’ m ’haps s’s s ’u i tlts’ m ls ’ut t m ’om i doss ’ I ’ at e .

I I )
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3 , ‘ ( l . \ 3 \ ’ I i b R l S ! 1 ( ’5 \ \ i )  t b )  3 \ i  1 NC l ’ R I  V ’ I l 5 l  i - S  OP Il l-
11131 S I I O I , l l _ i O I  I , — \ m ’ i I\ ’ \ l ’ION SI 5lb C ’I ’ItO ~1I I I  3

I hm ’ l’shoisl — ) O i  I u iel mt i’ont sp s’s’t r o l h i s ’t n ’ ’  h e c l i i i l s ’ Ii t i o s’ ) l i l tool whs’mt an

e v a l cl l t s ’d u- s t e m ’e i tc e c l ’t / sa—ss ’ct ic / li 1 ~Iin’am’ y (Fit’ )’ . i l l  hec ai tu s’ I i y I m i  labl e .

‘the :~s’I d i . c i m s  • s - i  i m t Iis’ t’em ’et tcs ’ 12 i micl u is l s’s 23 new timid n ’ s ’y is s’ d cross sec-

t is i m i s cOl i i l / I ’ i S us  I i  d s m t s i s t s ’ I i I  O c t .  ‘I lt i ~ set is s’ s ’ t l s ’ r , l  1 IY l i sls’ q u li t s ’ f ’or

m ’ s’l t c i o i ’  SI/ ed t  ~‘ , i fr i:n lb. - n ’ : , .  1 th l ’ l s im g l i 13 ~Ie\ ’ . In ~ids I i t m i / mi I I  the i t O !  I —

, i h i  I i t ~ of li mm e V l i l I l s t e s I  set  1 s l  c o m i s i s t s ’ n t  c r o s s  ss’ct i o m t s  ( i i s ’f s .  13 , 1-I l ,

I l l s ’ ds’ve I I i I s I : I s:n t of  a n t  i t  s’ra t t s  u n t ’si 1.1 i m ig dOsl s’ (I i . ’  f , I 3) , Is I t l t 110.1 i f i  c,i —

i s s l l ’ O  (Re t ’ . I l , 5 \ \ i c  I I  s’s / s l s ,’ (  t h a t  m’ s’t ai’ sh t h e  t O l ’ / I l l i t  i on  of ’ spu i ’ i ou s

~;t r l i d t l i n ’s’ ls Il is ’ ~/ r e~c s i ’ v i ng r t ’ , i I st  r u c t u n ’ e  I kno ts - nt i m i l / l i t  s t r u c t u r e , s u c h

i s  a r s ’~~s s l t I i n i c e  “ c l i p ” s i r t i I I - ~~i \ ‘~s lm m ’ cs ’ ‘‘ I ’ s’ti k ” I , l l t I I s l e  i t  f s ’ ,isi b i s’ t o

s s l i t a i u  l i c c u n l l t s ’ r s- ,i c t om ’ op ect r ;m wh e n  ti  goosl 1 n ’ i a  I s pec t  n i I l : l  i s  i n t l s u t  I s )

I its ’ - a _ s l i t ’ ’

3 t h  t i m -  p r s ’ss ’r i t s l o t s ’  o )  ‘h e  t n t  of m telt t m ’omt t r i l l s i s I s r t ci sds ’o , i t i s

no t  ~l i i f  icu i I t - - c ,i I d l i i  l it e , I r 1 , 1  I s1~s’ct mtn~ t h a t  c o n)  a i  mi s a l l  1 lie r eac  I om’

I~’~Y~ i c s  I m i m i  I I s  t i l t  ‘‘ t n i t t s l - i r t  - h t t r 5 l s ’u t s ’ i ’ ’  f t s s  i o r i - ° s ~u r c s’ I s’rni . the I/i

ansi loi s - s ’ m i e r , \  t its ’ t ’ I’l ,i I c l s i l I I / 5 / m i s ’ n i t  5 01 h i i i i , i s ’ m ’ ti t t~ l r t ’ I l c t o i ’  or t lit ’ F cl s l I l I ’ O l l c l i t

‘1 l int I t i l n u s / , i s ’n ,iI s ’ s1 m ’s’I isit sn c l / n t ’ sl/,’ct ra~:t , P l u s  rs’somt ani ds ’ St  n t i s ’! Irs’ ) . Mi em i

I I t u s’ F / h I S  is’ a t m ’  mc t ire i ‘° ~ m’ s’51 - t  , I l ie s o d s ’ ls I 1 1 t i 5il,i I I : -  s o n s  t ’n ’ -3e i t u s /mt I v

I I t s’W i t t ’ i ’ l l t  is /m i s is i t i i o i t t  i t e m i , ’ m ’ h i t  t r i g  , i  good de;i I s i t ’ n o n p h v s  i c a l  s t  u ’ h t s ’ t l m n ’ ,’

( s t e  S e c t  i s / m i  O i

‘I ’hus , th s’ t h r e s h o i s i — I l l  i i  spedt i • 0f l is ~t i’’ llt s’ t Itosl i S  b o a t  t r u l e  a s p e c —

l’ , ii:tt ’ t i ’t’ S \ - 4 I em , i t  i s  a p5’l ’ t Imm ’b ~~t l i lt s ’ s t e u i m . ‘I b i s  is i l l  t h a t  s- i t t be

s’x p s ’ s’ t s’sj c i ) ’ a oV - t eur u i t t  isO i c h  o mi I :’  a I S ’ IS i s ’ t s i t  i ot t iIII Ilh i ’i’ rs i t ’ s’ i it l i l m t  I s )

t h e  s o , i s ’ , l o t s ’ is s i u u t p l v  m ts ut i ’ I i l s l m i h h  i nput i m m t ’ s rl ’ l , sl i i m i  I I ’ ~gs s’ s’ i t ’  ~i

I nuir m u ovs ’ n n a t t y  I t 5 ’ , t 5 l5 ’’4 s s f  m l s ’i tt ri /m t s’ul s’ 1 % >  is i t  I t o u t  I l i l s ’ d t  i utg 1 c O l t s  j sI s’r , t l ~I s’

, l , l I i l i !  01 1 I I  101 1 i m i l - - r i - s  I t  i omt . lmi fo c i . ‘ e l s ) l s  I \ i i ’\ t h s ’nc ’ l i m e  m ls~ liss ’lIt l

t I t rs:~ h i/  Id  S e~~c e l m  t he ~~‘~~ ‘ Np l i t  , f I SS  i s l l )  r s ’ : m c  I t s / mt  I t  hrs’slio isl erie m’gy 11 . 3
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F ,  ,it t tl t he s i t l g l e  St  l ’ s s l i g - m ’ess s m ilttt c s ’ t I l l  i s  w i t h  n s ’ s O i t l I u i c s ’t l i i / s s ’ , e t o t  t s r

gs/ I S A eV i g em iel ’ t i  I I y l t a ~~s’ . t V. rr l I t u’gs’ scat t en i l l - , ’ t o - a l i t o r :  - t  i s / n i  n i t

l ’hu s , bet ’1s m ’s’ m’ ei  i a b i e  m t e u t t  m ’ s / l I  t n ’ami ~~p ssr t esl sls ’s bs ’c l u t u te ova  i l a b l s ’  f o r  f l t r r m  t sit-

i m ig a c - O s i sI tm ’ i ti l sps ’c t  m ’ i i : l i , t h e  t ltnc ’’s lis slsl ) , i  1 oc t  I v a t  t o m i  l I l t ’ ?  1u sd i s i -  s i b

l i m i t s ’s1 t t s s ’t ’u t h r i s ’ss

lOt s ’n :~ t i I i  : i l I sh  t hs’ S \ N l )  I I t m m i u c s  I d  i mig c lsie , i l l s ’  b e s t  t r a I ‘ilses ’ i r  S I I S

i I O s’ 51 , 1h e  :s’ m ’s - t li i t s ’ u ’: i I  t o n o u t p u t  p n ’ o t i s i s - s  Ii  c c s l i ’ t i S t L ’ m t c y  t e s t  ) s sm ’  b i t - a

n , i i i y  f5 i j  I i c t i v , m t  i s ’t i 5  ) c - l l I l t s )  t h a t  h i tt v s’ i / s’ s ’ l i  I I I I a t  I ‘ i t s ’ I s  1 . . 1 m i t t  r a t  i - s

i r e  c~i l c m i i t t t s ’sI t~/ m’ t hs ’ i u t p u t  sped ru in ot iS  c~ l~: I ; - I i u ’ s’si I - - I Ite i t  ci 5  l i t  I i ’ ,

:t ’, i ’ I I ’ s s i  I i m i p e i t  I act i s - lit io ti s , 50 t l t h i t  IL  s i s i m m ’ i o u i s  i t f l / I t t  s- l i l a  I s  Yi l f l i s ’C  b e

i l l / l i l t  m ’ s’n t  . I” i t  It a r , ’:iss l l u ; i b l  s’ lilliol tnt of - I - ?  i o~’ I l  l i d s n : :, it I I s t i  i : , - 1 I l i e

sps ’ct no I shops ’ ( s O O  a ines l  f r i i : :  a c , l  i c u l i t  i l s u i  s i  f l ’ oIl Ss ’l ’is’ ; i c c I m r . i b  5 ’ I L L  b l u r s

Ill s-l i t i / I ’ .i c 1 me I y ne I l i t  5~si 1155s ’ilil ) 1 a - , h / I t , )  d o i m i i t  I 03 s i l l  I I i  C , i  I t  i’s’ S et  - - - t s s i  ;i utd

rs’:-a~ -, s_ si i n t h e  i n t  e r t - s t  l i t  ( l i s t  i i  m u ng I L  r a l ~ Id  c ol ty s’rchs ’ Ii ce i l l S I I l l S  ,I , - - sI I t O .

th is ’  ‘ s ’ l t d I ’ I L t  s/ r i  s i f  sp u r  i o i l s  - I t  r u t c t  h r . ’ ,

,~o t i r e s l t o  l~i I ’ ’ I l s  t F i t m t  Ft tm s ’ m i c a  r l v  I Ii.’ 5 I 1 : I i s ’  5 l i ; i ~~5 t , H I s I  1 3 ns - s l I , s Id

S I b  I I I , ’ c t t n t I l l  51 /  g i y e  r i °e ts /  a I a  rg~ mi u t m bs ’  r s i C  i t  e ro t  i - o l s  i f I l i e  i m p  - i t  a I 0 - S

s / f  t he t i 5 5 i Ii n’e i n c o m i s  i s t  e m i t  , ‘I’hte I s  I y . 1 , 1  I mug t l n s ’  s ; I I r I l s I m  as ’ ?  1 1 , 1 ?  1 0 1

5 1 1  l i m e  c a n  m i t ~t 1 1 y he S i - - I  t sd by cc i l l i I / l i  r i rug t he to  t i s lit t O r i  r ,i t i~~’o I - ,

I l i s ~~ -c  c a l c u l a t e d  tt / r elicit s h e d  i a  1 i t e rt i t  m o n  ( - s r i  - i ~~I ’ a t  i i s o )

\ I i o t  I o n  im: ; .’fl il t echn i (j i l t ’ i t t  I i 1 / 1 5 l Y  i r ig  u h f  1/ isl i mi g cosles I s , i t  sl s’Cs ’l op~-d m ni

t O . ’  I i n ’ s’ss’r it a pp l  i c a t  ion . I t  i n v o l  s s ’s t he -I 5’i j iIc - I II 1 : 1 1  comh l I L  i i  I s - f l  ~‘i t h is ’

‘ r s s p t - r  amount of I hs’ i~I 1s5 l s ’ r : m t  esi l ’ F h  l ’ s l i i l p o m t s ’ m t t  an .i t his ’ t h s ’nn ~, i l - : i s  , I i  i - i l l  dO i l l -

pomie mit w i t O  t h e  C o l s i t  \ co re-  I 5 ’ .’ 1 g i c r y  hol e’) -spe c t r l i l l i  t (/ - I t  a t  mi lOs-

nt -a c t o r — I )  I u s— r o c / m - 5 c i t  t s’i’es l s i s : n h i s s l t s ’ b l t s  t h a t  c h a r t i c  t s r i  :e I he 1 1111 s I /s -c  I n i l : :

- c i t  s i d e  th is ’  r e h i c t s / m ’  cons ’  i ss’e Sect  i s i m i  ( a ) .  . \ f l o u s  d i a g r a m  i l i i m - ~t r h i t i n i g

t h i  S s r  c c - s h m n ’ s’ i 5 s lu o w m i  i n  I -  i I i I ’ s’ 1 
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I I  F L S ’l ’ANI t ,\l ~l) OR BI S’I ’ — K N O I V N  P H I l  51 5 1i C ’I ’R II > I

P i g u t n ’ e 2 shows hi ‘l O P  r t m e l l s u r e u n e m u t  amid a m i  e a r l y  s’ a l d u i l h i t  i o r u  f u r  thus’

s’s ’m u t  i’ll I cot’ s’ sps’c t  ruu t t  ( R e t ’. 1 ,3 )  of a GOI ) I \ - \ — t v p e  I - B R .  ‘l’ lus ’ r e l i c  tom’ is t is’

API  . \ — I I  I , ansI t l ie  s’a 1 s,’ui I l i t  i simu i S a 11 11 1 fls’tLt romi t r a m t s l u o m ’t  s’ I i i  cii i I t t  omu

(Its’)’. 101 sit iii: ) ng h t m l  e a r l y  c r o s s — s e c t  iou  do luip i l Il t ion , l:\ I ) I - / i t  , I ci ’s ion I
(I \i l l -/ B _ l F. Flue nr uea su ir’ s’tuis’nu t lu nd s’alct ,ilhi t is/mi Il l’ s’ i t t  t’ s’ h i s s l f l t l b l C  got/ si a g r e e —

meri t , i n  sp i t s ’ of t h e  e a r l  c r o s s — s e c t  i on  set u t  i i  i :ed . ‘l It .’ dIL l c i i i  l i t  i i l b i

s luow s  a somnme w ha  t s o f t  em’ spec t  rutn a b o v e  1 ~- Is ’1 , bu t t  s’v e n  so , I he Sps ’ct  r u n t

can  Sem’vs’ as a good trial sI/ectm ’uu im ton t h e  SAND II u im i fei l sl i ttg csss le  I 15 ’ s’,iilSs ’

there are mnan:’ foi ls i s i  th u t htm’ s’sFoilsI o h ’o v s ’ I ~Is’\ t h a t  is 1 1  I I I  l t i l s  s \ \ F  I I 10

unlike ItO> , m e c e s s , i m ’ v  a d j u s t u i m e r u t  of t h i s  s m a l l  I i l , l c ~ i I i  t t tds ’ is i t l i  gssosi l id s ’ l i i ’ l t s ’ \ ’ .

‘the t’oi 1—ac t i v I t ’ t i l l  . 11/ta  of ~Ic l  I r .u v s t  Ill . i R e t ’ . 1” 1 ,i s j ’.’s ’ sss’ l I w i t  lu

t i l e ’ I’OI s llt t ll lit t h e  s’ors’ c e n t e r  sh owm u i mu H g l i n t ’  2 .  T h e  d o mj u a n ’  i sort ‘0 ’ t h e

t u s s/ o u t s i s i e t h e  r e l tc t o r  i s  c o n i p l i c t i t e d  by- r t s ’t i r h: ’  s c i t t e n i n g  m s t m l i s  1101 he

t hi s’ f h i s ’t  t hili t the t’oi 1 s i a t :m  l i r e  - I T S  -d I t t O  , wIt i i  s’ 1 3. ’ D l  , i i t : i  h i m ’ s’ I l I t L I  I l i t ’

f l u x  do to norutua 1 to t he s i m m ’ f a s ’e of’ the -\I~I,\~ I l l  PHI l . i l l s ’ l i LA — I l l  , I i  he

t h e  NS y tR arid ths’ SI’R- II FBRs , i s  a 235~ rulet ,l 1- fuelesl nt-ic I on. ‘h ue APi \ I I I

is a T— inch— S iametem ’ splier i s’a I r e a c t o r . th s’ I c S M R _ I :B R  is a s’V 1 im i dri c~ i 1

hissemb Iv S I l l s ’Fts ’ s im i S i ametem’ x ‘—5/ S im uch i s ’s lii glu , amisl Si ’R— II is a cyl i mu—

si t’ i s I t  I I PIl S I mic his ’’s i mu di l i m e t e r  ~ S , 2 I tidies lii gli . ‘l O s’ I a t  t en  t iso h Il t ’ .’

I () ‘~ 5Isi Oslst s’sL t - l the fuel . .-\l I t Onc e cs/mit hi  i r i  03 .  2’ ‘
~
“I l-et iu’ i chesl fuel

[I igut i ’ e 3 s b i i s u s  o ~i comrt plt I’ i >~~ 1t of this ’ 11 )1 : d l i  I c iii i t  i o n  w i t  hi ‘lO P dot  a

I h e )  - I S  I t i m S  I i  i l l s / f l -  n ’s’eoi 1 prol/ort iom tlt 1— coumute n (I~
— t ’ s’coi Ii si/edt rum

I Ps ’ ) . 1 , 1 1 for this’ SI SI - — l- \ n h 5  l i i ’  s’emit I’ll I cot’s’ m’s’g iomi . ‘Fl ue 11 )1 1 co de’
tm r ’ s ’ & ’ S  s -er > ’ is s’ i I s t t Ft O r i  a s e  n a g s ’ of ’ thit ’ t i s s i  lli e a sum ’eb u ie nt 5 imu t I t s ’ ( 1 . (1 1  — ts~

I s  - ‘- I s ’ s s - b u s ’  r I l e  re ’g i - t i  , this’ n ’ e i s / u i  t b ia t s’o m t t  r i b u t t e s  m o s t  of t lie S t m’ l i s l  i l i t  i O f l

sl ,i:i ,t ~s’. I h i s ’ f i — rs ’s’ o i I 2 1 1 1 1  l t t ’e  s i t  g l m e s t  i o l t l t b l  e v a l  i d i  t v  t ’si t ’ 4ui s’s /un t  s’rs

u s ’s e ’ I , 5 to  2 ~).‘1 h i mi sl , t ’s s r  o i o a  It I t  lull m’d sps’c t rum , b e l o w  0. 0 1 Met (lie I ’ . 20~
\b s i~ s’ (a ~l. ’t , I he l O F  d~~~;i s F t s s l s  I i  h l tm’ sis’ r sps’ s’t nu imn t h u a m u  t h e  e a r l y  11 1 1: 
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c , i l c u l l u t  i t / m i s  t h a t  u i  I i :esI i - N I I F / B - 1  c m ’ s - ° s -  s ec t  i o m u  s la t  I s  - 5 . 1 .  h Its’ S ’ISP-l \

i s  n ’s - l o l l  I Y a 5(1 1 50 n i  x t  u t n, of 03’ - en u’ i chi es l ‘~“ II amiel d el i let esl u i m ’ a  I t I unit 1i 1  i 1  -

ii i t it ‘~~O s s s l  u tI l e Se I c  t ’ t l  I BeD ttm o el e i’ll t s i t ’ I i si h u t I i’ s s t i  m ’ s ’f l  t ’ s I s / n ,

R s ’cs ’ i i l  11 ) 1-  c l i  l c i ,t l  a t  i s / t i l t  1 m ’ ,’r~Ii I t s  s h u ow mt  i n  I -  i g I l t ’ s ’ I t i - u ’  Ii d i  u ’ t ’,’rs’m tt

11 el  load  i mug com i I i  gu m .It t i omu , i i ’  s~ c s s : h l g h m  i’esh t s s  ‘ lOP s izi  t I L  Ii m msl t s s soutme i ’ s - , s - h i t

I~
— ns’coj 1 i~on ’k  F F i s ’ f ,  2 1 )  . ‘I hie p — i ’s’c~s i I i s s s m ’ k  S I m S  p a r t  of an ex t  s ’nu s i t s ’

St  Im sl y is he m’e i mu t Os’ de t  cct  s im’ respotu 55 ’S ss’ m’ s’ l id d u  r , i  I c i ’  t l iel ls tul’e , l  , t I t , ’ d h l  r i - s r i - -

nt -ce ) i 1 ( i mu C II 4 — g a s -  f i  1 led  c o u m m t t  s-n ’ s)  ,‘f i ’t ’c t 5 measu red  hm n s l  I l l i h t n t t  i Ci .‘.I , amid

t h e  p — r e c o i l  em ’u’ on ’ s  ,m s sesse , l  ( R e f .  2 0 1 .  ‘Id e c , m l c l l l a t  l ou t s  l i t  i i  i :s ’d i ‘s i l- ~~F t- -l

c u’oss sect ions. T h e  thin ,’,’ sets s / I  ,il~~ h I  l i re  ~tt  s’xcs’l I s - t u t  h i a r e s 0 l L s ’ l i t  l t hs )v s ’

0. il l Mel . t h s ’ i’eg is /t i of i 030 n t  t I t u s ’ s’ I s )  S i  rod i l l ?  s i l l  s i l i l i l l i  3s’ , aitd st  i’ s s l l 4 I Y

i mud i d l i  t s~ t h a t  t hue 11) 1: c~i 1 cut l at  i out i~ i t h u  t h e  it s , ’ of t he L i  d l i  t s’d c r o s s —  ssa t i out

set w i 11 pt ’ov iel e 0 300,! ‘‘ s t a u u s l a u ’ sI ’’ s/ u’ ‘ ‘ k i i , s w n i ’’ sl) ect  m ’u tt t l  t , / t ’  d 55i1i 3 i I ’ i s - li s i t  I t

thus’ ~i S ” I i l - P B I l  foi l— ,tct I ‘ I t t  i O u  sj/ect ro tt t , t m ’Y m ’ s ’ S l i l t S .

Such c tu  I c u l a t  i o m u s  w e n t -  d o r m ’  I t ’sI o c i t t ’ssr i~,stIi t h e  g i s c n \  — h o l e  m’ s - g i s s n h i l t S

t h e  ne ’g i o m u  i s l i l  s isl e I hue NS~IP - FUR relict - - r (Ref. 22 i . They 1st - n , -  11 1 50 I / s ’ r-

f i s rnbiesl 101 ’  t h u e  SP It — 1 1  i’ s’ , i s ’ t o t ’ th us ’ )sa ’~Ik — l U l l  amis l Sl’I l — I 1 spect  no s crc

isleii t i c , t  I I . L i  c a n s ’ S shows t lie u ’ .’su l  s of l b s  11/P cli icu  I i t  i s / m t  fo r’ 5eCs ’l’ ll 1

s i s s t , s i i c t :  t rsui tu t he  ,sS~-til - I 1RR i’ s - a c t o r , ~ i t i u  an 15 c m - t h i c k  con di ’ete

s c a t t e r  i m i g  isO 11 lo s - l u t e S  12 nteters t’t’utut t be r ,’ h i e t  ~~~ ‘I ’hu i s  u t u odelee l  thu . ’

S d , I i  t t ’ n i n g  fro m t he  c o n c r e t e  l’l su su r ‘u l - I s ’ t s ’n s  h e l s s i s  t h e  r e l i c t s c r .  I lu s ’

m’ , i5I i~ms or ’ t h e  l 8 — c m t t — t b i i s ’k s~- i l l  w a s  v t t m r i e e h  u t m i t i  1 I i  sps ’c t r u l l i  was  , ‘ l s t , i m m u e d

t h a t  C h i v e  a 1-ses t  f i t  to  t h e  l s i i s — e n s ’ b’ sl : t s / 1 I t h a t  a mt i ea su red  l i t  5( 1 cm t rot ti

t h e  W S M R — P B R  -l it , h lt r e  , - l it  i mu Cd d . / s s ’ m ’ , aro l SIt  i n  PsI s’ is vei ’ )

Not. ’ t h e  p m ’ s’senuce ot the  I 1 I s I i l  l — s d l i t t , ’ t ’ l tu g co t l t l / su n s ’n t t  i n  L i g ui m ’e  S .

lb  I s i s  r e p r e s e n t e d  as a f i  l i t  n ’ s’g ion  a t  1 ssw enet ’g i ~‘5 i n  t h u s ’  t - ( i i i  = I ’  I ( h .

plot s~
Omue of’ these Spectra d O icu  1 at ed li t ~

‘-I s’m rt ) ‘ m ’s / i l I  t he St’R— I I  n e t  c t sir

is compared with Powell ‘ S meas uretnlenu ts l i t  “ 0 cm t’ro nu t h e  S h’I l— I I ss’e

F I t i n t ’  0)  . I : ven i f we i gnore  t h e j)— recoil spec t m ’u nu above 1 . S Mel • is Fie ~ m’ s’

the i s t i  11 am id end s’ ffect :s cor rec t i onu s for is / lO t p— ns’c s s i I t r a c k s  c a n n o t  he

d e t er n u i mue ,I a c c u r a t e l y  (espec jIl l Iy when the 4-n c o r r ec t  isu mi s u f  R e m i m u e t t  i s

l i p p l  i ed to  II c yl  irud rica 1 csiunt er i mu It beam g eo n i et r v  i m’r’lud i l i t  on u I , I t  mini ‘Ii

_ _ _ _  - — - --- -
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Ss s ) t c ’I’ sp ec t  ‘ i l L s  Is s n I I t  3-  i c c - ’ 1 5l~~t tu  i s  obi ,i i tiesl . On H- ot h e r  h l l m u i b , t I l e

; s~ n’ s-co i i  S I - s - c t  n im b i j u t s  i s l e  i i ~ - p I - s ny F I s /  I c  i s iui ~ic ht h I t  m d  s - n  (~ 
< — ‘ I

~~’\  ) tham i t h i s ’

l O P  c a i c u l a t  is / mi  ( s s ’s’ L i  c i i i ’ s’ 7 i ,  11 , 1 t b , I - - n a I l  sit ’ t his ’ 1 1 1 1 -  sl l s ’ s’ t n ’ub mu I ib o v e

, I bo e i t  0. 1 Mel u s  s i tt i i b r ’  h i s i t  It i n s  t~ h s ~ 1 1 1 1 , 1  s O i t  s i d e  t h s ’  SI ’R— I I . ‘l I i t  s se s ’tnis

i m l t , u i  I i s - e l y  c s i i ’ t ’ec t  , s ’\ c e l ’ I  f u ’ o i t i  S s i L I i s ’  is It i I — S c s I  t c ” i m i g c o l i i p o t u s ’ t i t  t h i l i t

h - s s ’ g i m ’is t o  s o f t  en t h e  si/ ed t f i l l  i/s’ l s/is (1 .1 ~‘1e\ , I D , ’ tsS ”IL-123i1 ) o i  1 d l t t l u  is~ I I

I h it  Ci’ bel l n’ t h u  i s i s l l t  , ‘I’hus , t bus’  I -  m ’ e c s s  i I do I I I  11 I’ e t s s s i  5 5  I I  s/itt side I Ic

co t ’ s- ( l imi t !  o l  so i mu F - I g u n s ’ 3 f ’or It ‘ ‘~~~ i 1, 1 , :s-n o— l /o i s ’en n s ’It c t o r  s u s i e  i him /S t t / si

ham ’ si i n u s i s i s ’ I i t - 3 1 0 m m ’  list l e .  l lc i ’e , I lie hi i s t b t  3 h i i i i l I ~i — r a t  has’ k s t t’ostn si s - I  f s e t s

s~f t h u e  Its/mi— :e no -  os sis  ,‘n n s - I u  ct  o r  ml i i p I t t  5’\i ’  I a  i t t  t hue em to n ’nu o l l s  d u i ’f , ’t’ emuc e i t t

l i , I n d l l s ’Ss l n~i l-L t h u o t  o f  this ’ o u t s  id .  Spt ’dI  rum l i s t ’  t he ’ S I te , ’  p— n , ’cs/ i i  c s s a n t  s r .

( i s ’  c s s m I c  I I l s i e  fm ’oti t t h i s ’s.’ , l , I  ( I t  h I nd  f robil t h e  t h u ’ e s h u o l d — f s /  i l — a c t  i s i t  i l / t i —

Sped ia sru ’t  n t  m ’ e s u i l t s  sre ss ’n tes l  i m u  S t- c t  i o n  (a t h u l i t  t I l t ’ l O P  d a t l i  p r o v i s l e I f / c

i s , ’st “ Sta n s l l i  m’sl” sg eci  n ul l  t o n ’  e ’, 11 l t i a t  i i i  t h e  a c d u r l i d v  0)  t Dc ’ t o i l  — sd u v a t  ion

i s t  h c 51 s / f  r u e l i t  nt /mi  s f / e d t  ‘ ‘ -- -:1 n t

T h e  omu e- , I  i l l l s ’ t t S  i omi a i S t n l u n t s l c s / n t  t hueou ’ v  code li P - T V  ( P s - f  , 1 0 )  l s 1 i 5
it

u s e d to  c a l c u i l , i I  s’ th i s ’ mueu t n i ’ l u  sj s e c t  n u l l  i n s i , i e  h i t i d  ~ u i  s id s ’ t h e  i io 5 f - l U l l

~t~~sI tb .  SPIt — I t .  I i i  1155115 ion , i t  S~ I i I A  use,I t o  d I i l d i I ’t l t t , ’ t h. ’ AP I ’S— I I LUl l

s s’dt ‘ i l l  ansI tlue sps ’ct n , I  i s / n  ss’vera l s i l l i t — i s s ’si su t h c n i t  c l i i  t’eas’ t s s r  lu sse tu-

b l i e s l i t  I R’I’

‘flue h ° ’d R— F U R  ansI S l ’ R — I I  c r  I i dI l l I t v  s’ Ii T c u l h t t ot i s  usesl s i - shier  i s’ l

s i l l s’ I r~~, l i i i  
~~ 

0111151 n , i  t l i r e  , F Sc t i l l  s’n i mug , 3( 1 emue i’gv g r o l ip s  , It r us T S i  \

c I t  c t  I a  I :ss m u ,’s , I iu e se  s i x  m a t , ’n i l l  1 zom u es  r e j / r s ’sentes l  t i / c  g l o r y  h o l e  ( I l  m n -

,‘ l o n v  ho l ,’ l i m i e r ’  ( s t l m i m u i e s s  st,’,’ l i , csii ’ s’ ( 0 3~~s ~
0 I I _ e m u n i d b u e d  u t n t i n t i , i e  +

‘- I s  ‘ b uon u o g s ’uu i :ed 55 hi o l t s )  , shu i ’ o m md i 10 it + -1’ + m ’es 1 mu , ; u l  I t h i  m i t  . hi i i’ , I t m i d

I l l  c , i i t d i , - t e  l s , i l  I .  I lue f l u l \ - ls- ,’l g ht  eel c r s ~ss sec t  s i l t s  wet ’e  o h - s t a i n e s l  w i t h  t h e

cus s ’ s s f  t e  u a ; c — s  cod e ( R e t ’ . 2 3 )  u s i n g  i m u f i m i  i t s ’  sl i l I lt . ’  I \ i ) l / B — 3  s’ t ’ s / ’ ~ S 5 c c —
235 2~ S , -t t i s l i  1 1 5 5  i’ 11 1 1 cou lu l /oncu u t S i . \ s g t  II  I - Ii  15 It un i 110 m ’ d s i b l s t  i t  u t  - t  o t  t i t s ’

~~~ 5 ’ ’ °l J - e ’ m u r m c h e d  u n t i i i  i m t m  l 0~ ~Io f u e l )  . Thue ~~lI d r o s s  sect  i- / b C ’ were-

dli  1 cii i l i i  s - i  F - sy CCC— 5 us i tug i N h ) P /  B — S  r e s o n a n c e  l/ lu i ’ Iil l u e t  s’ n s u t  t h e  No n 5lhi s’ tn t

i n t e g n l u l  n t e t h o s i .

11 ) 1 -  i s  an ( R I ’  mod i I i  c a t  i o t u  of ’ t b/c 111 1 — 1 1  cod s’ .
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:~, S i ’ h C I  Ilt ~ - i ( ‘ F l \ i l , \ C I  N i t I , 1 V 1 ’ I I ) \

i o n  t i p o  I i d h t i  j sa t  t o  i’ i , i  I l i t  u ‘ m l  s I I i / i l i 3 s ’  i t t  S i  1 i s s i l l  , t i l l ;  I l e i l t  m’ s s b t  t i  s I  .1 i s

d bill m . h i d  I s’t’ i :e’sh b/ s  , I i~~ 1 1 1 1 5 1 ’ s’ r of I ‘-I ~ - \ i l t ii  I i ’ Om iS !‘s ’ l j i l  I rd’sI t o  s n ’s! l i d s ’
c -u

t h e  S I l l S , ’ n’ , i5 I ii I i i t t  d i l h t p e , a m i d  t h e  I i t i n s i n m , ’ss ‘ I n  i s -  I s ’n -~ / , I i i, ’ : I h l l u i ’ t - r
C O

o f  1 ‘-I- - m u eui t rotC’ r e s ( i n  ns ’si I s s j/ro.Ilidc an t  I - O i l  i s f ’ se r i t s b t s - t i l - i t i : I I i g e /

coo l i l t  I ,‘m ut IS ) t b u l t t  o I a m i n t  i t  t ’luencs ’ of  Is ’ I u t  I ’ s / S f ’ ro~~I t bus ’ i - - i d  t a ’- h  s in  f i  eH

(‘ci mu g chua ract ,-n i s’sl , I bue v~i 1 .me ot  t i s ob ta  i rued i sv  15/ l !  I I l l  i i i  I iue r i c a -
sub ‘

t n i s u i  s p e c t n i C ’  i n  i 1 l i s ’st t o n . ~) l )  . i s t t l u  t h e  d I t s I h i p s ’ f h u n d t  i stu i f l l  i r o t ’  s i b  i d O t L

f ( N )  P ~~h t  I

1
es~ ~Ti’iT~

s
~s s  - -- , ( I i

i l l s  i

= 

f ; F I P t b -~ i I

II ( I  ~ ( 5 /, f ( l , ) ~iI -

I l l  i n t e g r a l s  : u m ’ e t i P s - i I n s - . , (1 . 0 1  t O  15 ‘ l s t , i s i l e n s ’ t i s ’ u n l y  i l l  I l l s -  5( 151 : - H . ’

occ e i r S .  I ) ( I  ~I s- \  - i s  t h e  : I s s ’ n l i g e  s , i i u m e ’ sif I )  o v e n  t h i s ’  m n t s ’ n ’ v i l  o n ’ ~) . S 3 t O

15 ‘- N t  His’s’ ‘- I s - I  hosl Ii \ \  I , s\ppemtsl i x I)
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in this ’ I S S I s / m i -  f m ’ , i s ’ i u u e ’ m i l  ‘s ’ i n l e l  e lss ’ub l I t  d l i  l e a  l o t  i b u - ~ ) ‘ , i c k  f r o m m u  cs / l imi t r h i l  e

ob - s ’ n ’ ’ , i - ui t , - c t  u c o t  i - t i - s  h u d t l u , i  I i~ I f l ’odu ce ’s i .  ‘I lL s d u ’ s s s s — s n c t t o n  d h u l t m i g . ’ 15 1 05

s m iii l t t  .‘~i by  s- F l , s i s s ’ I n i p  1 u i n u p u t t  h i b  i c , u t  l u a u  i u u t u t t b e t ’  I s - ~ed I mu S \ \ I )  I I  - Im i

I t s ’ I . t I i i  s ’ , i n ’ I I t  h s ’ b l , I  I - I  ‘ u u h \  s i  515  I , i n i e s - s u u s  I s ’ c c l i !  r i t e s  t h i n  - ‘ t I ’s -c t s s / b

c - - l I l t  I s :, f — s i  I ,, s : i : ) l i I I c , i t t e l  s e l f — s ’ ’’ - s s r t - t n o r m — c s r m ’ e d t  i s / I l  n r u ’ s sr s , is  w e l  I

i S  d m 55 5 - “ s d  I l o l l  l u r i d - r I  l i i  n i l  i s ’ s . I l ie ’  e l  I s d t s / f  c ’orv  I bl u : t h e  h i d  I i v l i t l s i m i  (

“ d t’ Oss  - tt ~~d I  u s i n i ” I  , t I s) “- \ \ !  I I  ‘ i t  Ib m 1 ‘- I s ’~ s i  I i c s m i e’s b u m i \ h i l n n u t  t l u e m i c e

w a s  e c i l u i l e d  liv m o l d i n g  t b te m— s - s l i b t Lug ‘~ \ \ )  I I  o u i t j / l u t  5I~ec t m - 1ui t u i s i l h t  th is ’

mi s - - S I  n’ oti en l I ,” r ’ -. , s i s ’h s s ’mi d e ’ ’ I l  s i - i S i , o ’ e t u t b l 5  I i s / i t  11 ) 1  I l o m ’  s i b  i c s m i  sbue w t m m u

1 - u p iu r e 1) ,

I t  ‘s i i i  u I 5 b hi ’ po i mit cc! - - l i t  t bull  t , i u t v  l ’s i t  lu re ’ uI j ’ i s l l t  t I t u g  s f  the ’ d l i  t Ii Ont 11(

s i i~ on u  I b u s - , i s ’ I  s c - u t  i s ’ b I  c r o s s  se ’ u ’ t  1 0 1 1 5  s l s ’ s ’S u ts s t I b t \ - t t l  i s l a t s ’ t h i t s  “ t e i d v . ‘the
- 

~‘~l° t C l i  I emi t  ‘~ j ’ ’  - s i I I C i  I t o i l  s’ , i I l  s i m p l y  be u / d a t e d  w i t  Ii t h e  i n i p n u u c  s’e!

s!ll  t m  , N- - n - is i 1 I I he p t ’ - ’ 5 - -  I I  sm - _ i  I ‘~b s ec i t ’ i s - i l  u o t i S  w u ’ i t t  cmi 111/ Ii \I’t’s’nsb i ~ \ hs’

u r m y, s I l s I , t teel by s u c h  I I : u l s n - o ’s,’rIis ’ s t I s  t n t  cm ’ sss S e e ’ t  i o n .

I m i  P u  N t I s - 2 1  i S  sh oi ~ ti tb ms ’ n’ s ’ - s u I t  of ,u ss’n ’ic s s i t ’ S , -’c N I i  I I  t i m u f i - s i s l i m i g

I i h i e ’m ’ , ‘ j s i l l s  w i t  lu t h. c r -  -~~ s se-c t i s s l i - ~ c i m ’ u t’ sI by  I S o nwl 2S~- , I its ! l v i  sh il l I i ’ s ’  fo r’

mo - f d t t ’ l s ’ ’ ~ l i m i t !  i n  p I r s I s - n ’  I he — I I  , o i , b  — 

~I -  l ’ s ’ u s .  I s in ’ t h e  P11 I t ’ S . i i i

onC C l l ~~ e’ F - n  Ft i he’ — ‘
~t h , i n u s l  - I

~, I s , i d  i c i l  i o m t s  w s ’r e  I mic n ’s’tt se’sI . ui m ie l  i n  t h i n

I S  

-
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U-238 x 1 . 1 5  2 I TER.

_.i 10 — U - 2 3 8  x 1 .25  , 2 I T E R .  
—
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6 
S-32 x 1 . 1 5  , 3 I T E R .

~j t o  — S - 3 2  x 1 , 2 5  , 5 ITER.
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NEUTRON ENERGY ( MeV)
P1-1091 7

Ii gum ’s,’ 2 1 .  I - , t ’ f s ’d I  s i t  v a r ’s i m u g  1 , 11 1 I d I I s’ t i l  m u l t i  or’ , c - f l  v i l e - ni t l ’ s ’ , 1 hue
c r i ’ -~s —in s t t o n I  oI l  “‘ \ ‘ s I I I  ‘ s h s s ’ s I  t’ ,t , ‘1 5 0 1  i d  s’ t i l ’ ’u ’ e’ i S  t o t ’
t i i I j °  ~ I II ’F)5 ’~h d ‘ - i  t n i  c a l m d , t ’ - s ’ I I l i s  “ S t  im is hi  r i ’ ’  num b
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‘ 5 55
s i t  hem’ t h i n  — - I I  ad t u ’ s - i t  i o m u  l~li S I l id  n e ’ l i s s ’ si ~t mic i  1 h u e ’ \ i t ’ s!s’c r - - , i  se ’d , \ b - l b s  I

‘ 5 5 1  ~ 55 ’s ‘ S ’S
of it u m u e  l ’ss u 1s i i O S  u i s e ’s I .  This ’s. l i n e ’ — ‘  - ‘ut , — ‘  ‘ I I , b i l l s !  ‘ - I I  f i s s i o n  I - - i  I s

s’ s 5\  c u s ,si is u t  F t b - som ’ ou , I t d l t sh l l l  I I i m l l - c e / \ ’ en ’ee l  u s  bel fo I 1 t o  p r o ’s  I s l e  I - ‘i - e ’ f l s ’ ‘ pr  5 1 , 5 1

an ts1  m ’, s i l s  c i t  i b  t : i m i g  t h e  f u i l  l o w i n g  l’,’ttdt l o i l s I  S t l i , I i I  ~~~ 
- - 

‘ S t  (lu ,p b l :su ,
Si’ - ‘Su- 2 1  2 1  - 12 7 I 2( i

l s ’ I n u , p )  \ h i i , ‘ b ’ , I m i , I / ) N o , I t l i c h  I F m u , 2ni F I ,

h ’ l ue ’ 1/ I t  re p s - s i 2  l o s  I l i rus l  t h e  ( s i — d s / d s ’ I s ’ s I  ‘u s i s i  u stmmi I - s i  I u s e r , ’ n iot  u is ’ I uus ! ed

h n d l i m i se - t h i n s ’  5 ’ , u i s s e d  t h u s ’ S \ \ I )  I I  c s / s ic ’ l s  i I , ’ u ’ , i t s’ a I , s m ’ g e -  m s u s ~: s I s s - t ’  o t ’ I i tmis ’ s

I s )  p t ’Osl i t s ’ 5’ t h u s ’ I O s ’ li 1 st  i ’ tuc  I n m ’ s’ l i t  1i si ~ .‘m ms ’n ’ g i n s  t ’e sh iu  1 m ’ s’.I t s-s t ’ i I I bus’s.’ t l i m e s ’

h i s ’ I i i  s t  i o m i s  I s )  t I m e ’ I ’ I l i l t  1 d im’ S ’ .’ . I ) nm , ’ Sh s sIul ci n i t  b u e r  i muc 1 t u d e ’ t b u i 5 1 O d It  I S t n ’ m u c —

i t t  re  I ni t bun S t l t  F t  sI/ s ’c t I - l u l l s  s i r  u se sin 1 r t i t s ’ ‘ ‘ l i ’ s ’ s’ r t s g , ” t’o i I i n  t I i i  5 c l i  se

t h u s ,’ C s !—c oc’ s’ m~s~si g u i l d  l ’s i  i 1 F I ’s-s F se ’n ’ I c/ I t s - S I  I ts 1 I ~‘s l i t  lii g bu e iu. ’ r 1: i s ’s , I b i s ’ Is - s c t u  1

S t  l ’l i s ’ t l i r e  I tm t ime’  I sb ~ - - ni u , ’ n ’ gv  n’eg 1 s i lt s’lim i b I t t . ’  m’ h - s e’ bt lu ) s !  i t ’ i eel by i t t  ~‘ s i m u t hus ’

St b ’ s ’ i I s ’ t  bu 5 - s f  ths ’ t b u e ’n ’ns b t  I h - ss’ l ik  t l u l i t  u s  s l u p e ’n ’p s / s s ’sI s) I i t h i s ’ b / I  s’ s s um u p s u l t s ’ l m t  1 - s e l s s u s

- i ü
t
~ ~1e\ - R am - n  l o w - e m u e n g s  l o u  I s  li t’ s’ now t u s H  ( F -  l g u u ’ e  I

‘l’h s’ l/nn ’tu r ’l/ nsl sI/ee l n~i i n  I - i g s t u’ ,- I~ li t ’ s’ sbus/u s - mu s’ s s l l I p t s F e s b  I s  t h i s ’ u i m u p s ’ l ’ —

t h i t ’ b i e d  sps’s’t I’l l ’ S  I s o l  i d  1 i n l , ’ I  , ‘I bis ’ t h t m’ s’s h t olsl s’n ls ’m ’ ’.:5 s- s f ’ I bis’ I ’s s j  I s’ I ’ s ’ S S

Sec I i cur t  l ie ’ u p  vu  n ’ i  s’s1 i s dIe 1/ i d  esi  F / y  :i s r I  u c , s  1 h / l i  F t r u s t  F t c - s m ’  I : 0 1 1 1  .s I I i  F b ’ i i s

lo d l t t s ’ sl be ’ l s s~s tbis c~ s r r ’ s ’ s j / e i m i e ! i l l g  d I l l ’ S . ’ , N u s l s ’ t h u l i t  t b m e  e’ t f s ’ d I  of  c m v  in n

s~nue i l l  t h e ’ a c t  i V , t t  h i l t S  ( 0 1 ’  c r o s s  ~s ’dI  i s s i ~s l  i s  ver y b o d l i l I - s n  t h uos u - l ’s ’ i  l s

I h u t  h u , i c ’ e’ t hu u ’e’ sbi ,i Id s l i C l i b ’  this ’ 1 Ft i’ s-Sh ut / Id s Its-n p is- s s u f  thus - 01 b u e ’F l u s i I . I b m e ’
‘ -S~— - h u t  , t m l s l  t h e  — - ( I  ol Is lmt i ve ’ - s  ‘~1 i p l t t  s I t ’s- s t  om r t h u s ’ ( s s~~ en tn m ’g s ~h ,s t t i 1 5 5

we  1 1 , p r o h u l s  I s  h e c , i u v - ,s ’ m i o i l l  h e F  I b u r , ’ - t l i u s I s IS  s’\ i sI b u e l  is ,’eri t h i s ’  — - ‘ u i  ( 1 1 ,0 1

- - - , -
u misi II I 1 , ~ ~1s - \  F I It m ’ s - s h i s u  l , is i i ti s l t hus ’  p s )  I s l —ts - s i I m e - p t  s itu ( ,--s e’\ I m u I bu s’

i l ’ s — S  s’ni t 51 t ’ O i u p  of ’ Ii I l l s ’ ts ‘n l s

1 m m  l u - I , - I i s  s b m u s s s i u  I i  l i s t  s i t ’ 1 ’ -~~L ’~ e sb l u i v h t l e ’ m t t  d u t i e s  t i ’ t ’  1 ( 5  ‘s ’ h i t ’ j , t-

iot ’ill I s t u u o l i s ’ i— s h u s s s s m l  i m i  I I : 1 5 1 ’ s’ 21 . ‘Ibis ’s,’ li t’s’ sh/s’ct F I t  C t h t u ’ s / I l u : h i  ‘I I l l

I ’ l i l  I s ’ 1 - theSe ’ s I l l  t . 1  i r Is!  i dli  t e’ I buti t I ’si m ’ I ’ s -s  I 1 s w i t  Ii t h m ’ s’s h is - s I s I s  b u s ’! s ’ i s  ,

Is his ’ m ’s’ l’s’s, t h t i ’ s ’Shio he 1  S n~ i 4 1 , ,‘i 2 S ’ , I b i s ’ m ’ s ’s ‘~e t n t  ,‘ m a - ”  s— 5 cc ’ 1 I s / f l  ~i i ’  l’s ’ I I l i d ’ I i \ h i  —

l O l l p m ’ su o h s u s ’e’s H - -  s!es’ m ’ s t u s e ’  i n -1 / -t - ; 1’s- s n’ t ’o i  I s  s i  t i m  t b u m ’ s ’ s l i s i l s i ’ s  l I s t  l l I s \  5’ 

, , i sh ie  r’e t lie mi e ’ u u t  romi f I u ix  I s sI  i I I hu i h i  I t  mi5i  I bus ’ I It rs ’ tbu o IsI S It  l’ e’ c I si~~s’

o , ’ - l  he’ r , II 25 , t mic ~.‘ , s se j I m  c m o o s  sec I i oti s - s I  s / i l e ~ I - s  I I p l ’ os ! u i d s ’s a lto:  i t  a

I ” - ‘ r  I s’S~ j t i s ’ Fs’h t “5’ t um 1 / 1 I s  - I ’ t u /  i 1 s s~ i t  Ii t h u  r ’s~’u Iisi I cIS mis ’ I I , s y s ’ s  s’ 2

i lm c r e ’ ,i’~e’ i l l  c t - so-i s S e d I  u u mi t ’es utl ls m u  I t I i  1 s t  • 1 1 . I ” ~ p dhilimis Z s’.
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1 h i s ’ Is ’ s  5 l I F i ”s ’I i ~~ p N’  ‘t e l l I  s~~i i i  Sec t I s i l l  I -s ls’ s t ’e c t m  n - t i s d  sa l t  l i t  t bus ’  IV l u I t e

S,t nids ‘ I u  s s i  b e  R I t I l g e  F u R  by t h u s -  \ : u c  l u - s i ’ Oh/eu - Itt l o r u s  ansi IPffs - ct s Ri - Il l i C I t  1/ e r —

S o ’ l l I c ’ 1 Ps ’ 1 , 31  I a it hi I bus ’  i m ’  o l s I l  5s’t s - s f Lii 1 s , g t s r m t i l u o  - r,is s!s’t ,‘dts/ I’ , h s l i s h

s p l h f l s l , l  -i ’ , u s c i i  s I ’ n , s t  i o n  5 t , l l i s h l u t ’ s b s ,  ‘l Ime ’ liheltst ssn,’mtlc mmt s w s ’n’ ,’ t ’np el m t e s h  hr  I R ’I

s ’ I ’ ’~0 i h i I5’ I Is I t  hi I u e i  m’ fs I I s . sle ’t s-c l  s t ’ , l s l t s! d l i  1 i l - s  m ’ : s t  i s - s n  s s s u s r c s’s - ‘ I I t s ’ I R I ’

t ’s ’ l I s  5— n i’ s’ i l l  si l I  Ii m i s - el ‘ 1’ s - s i b  Rs’luc to l ’ I - \ p e m ’ i mmi s’nt 5 , I bis ’ . ( R e t  . S S ) ,  e \ s ’ .’p t

I s n  ‘ \ l s  s ue1 15u~ j i ’ s i  I Is , a Im m ch tse ’m’ e’ e l i - I t u  i t i e ’sl f u ’ ,s : - :i t l u e  011k P Isi p s’ \ l i l i on /It I

I , I u I - s s ’ r , s  I - - u ’’ - I - s t  - l i i ’ s -  u s  I s i m m  , I m m u s i  
1_  , sLm i c l i  m i l l s  i t t  this ’ I ’o nu us  of

2-  I s uj ,  - i ,  I m i t t  i d e ’ , h i l l e l  d s s l l t  I t  i r ue ’s! i i i  I i  t I m  I t t  t i  1 ( 1 : 1 1 1 r t s um n u  e m u d l i p s s i  l a t  i orm . I h i s ’

r n p r o i : u c  l b - s i l i l y  s ’f t h i n  S NIP m ’n s uml ts i s  I h i k e n  I ts  t h i n  I /I ’ s-c I S I s s i l  s - s f  t he’

S I s ’ , l s t i r  I bl ~~ t ,‘chunm i sh u n .

I I s i l l  t o  Is! m u g  d Il I d l  1 l i t  l o r m  l i i ’ - c l i  l’ i’ i ~sI N u t  w i t  I t I lie I I i i  d l i  t I m

t i s i l l : I lie l I s h  s’Ii I d u l l h t t e ’sI S j / e ’dI  l i i l l t  I t S  I t  t F l I t ! sps’dt t ’ t i t i l . ‘ b I te -l \,\ ( l  I I  op . ’s’ —

t n — lu’ ’ : s~, i s  l t e ’, i n - I s ’  i s h . ’ m l t  i c i  I i mm s l ubi j is— 1 0  s I t  bu t h i s  1 111 -  dl i  I di i  I l t I  I s i n  I t t i s h  I lie’

~ \ \ ) ~ I I m’ n - - i s  I t s  ~~t l i i  m is - el is I t i m  t h i s ’ P’, ’-~’-1i P ,!Ii I I !  ) I -  i pus re IS) . Ib m sited 1,1 1 1

5ilbi ~~5’S , 1 t 5  e \ l s m ’ e ’ -Ss s’ sl I l l  t s ’ l ’ l’ ~O o u t ’ / is  , l~s’m’e Ii I Ss i  nm s ’ , u r l  v t h i n  samne : :  / =
e s u  ‘

I - ‘F I he l ’s”’ ii si ti I ti b u nis b I . 1) 2 3  t ’su r  t h i s ’  I R I ’  r s - - - i s  11 s .  I ni 1/ c /I bu d l t 5 s ’S

I lii ’ s l I t s ’  t i Ol i h i l ) I s ’ ‘~~~ I b m I I ss I s / l i  l ’ s u I s u i t  I t  “ 5 ’ Fe i /Ui  u t  I eel b / e d I t  i5’ ~s ’ t Fi, ’v o v o l s suv

b i t  : c , i  I l v  e l I  Sb t g Fs’s ’sI is I i  hi Its ’ ol I i e i’ I u u i  I s  I — 

~i - s . 
I i  ~ I m u . h u m i d  “ “‘ I I  I . Si I t b t

1 b m r’ c s h s ’ l~ I e i n ’ n ’ p  i s ’s I 
I 

mr s - u n  t h u  s i t ’ ‘~~‘i hi [~~ I ‘ ‘-l’I i )  = I . ~1 S ] - I I b u i s

t s ~um . oI u , ih  I s  5htn t ,i t bus ’  s! I f ’ t ’ i s’u i l t  s in s’s Otli t I I I  t hiom’ I u~e I I s s i  ott  v i  I t  t I u s

:: , t ~~s — l  I I I  c h h u i m t , h n c , s s s - -c  sO i f l t s i ’ I s ’ F e m l c s ’ h i  I h s / n u l t : I  i l - I t l t r ’ l t l  r , i s l j o , i s ’l i c i l y .

— ‘ — I h i  u s , t s ’ hi e’  r s  I - - b ’ s ’ s n u i t l  i i  f u ’ s - : t  t li e’ ne ’c- u u l l , i s ’ m l s l s - sI  s e t  o f  t o t  I s . \ a  ( ‘ 1

‘- I h i t t c l l l l ’ sl ‘- h - I l a u cl F \ \ I , \ I - g e T l J I \  \ .  F

S I )  dil l  i ’ rs ’;n I l l s  1 t - ’- IP  ns ’h t c t s i m ’  , t ~~ i t :  re ’nti m s ’ nu l  t I m  - s g eu ’t  r , s l  s I t u p s ’

( ‘ b C e  I -  u i ’ u r - ’ 2 2 )  i s  b u s ~ l l  1 m m cs - I -v  dp i ’ s / S I .  l Ime’  h i I t m ’ s ! l l e ’ ss  p~~ ’ s’ R - I  s n  p / i s  I ,  ii~~
c- si

I - I s S ( ( I .I , ~ ‘ i s  ‘s i l s - U t r s i u s / u t n u l l  t ’ I u s ’mic s ’ I S I l I d s u i l  n f s i v u l e b i t  I t s ~~’ thin i ’st ’-I F I

l o l l m’ s’:-; u u l t ~~, l l t l o b  ‘ f ~ / p ’  1 . 0 ( s P  t o m ’  l I m e ’ P1  s ! , u t , m ,
5’ I
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I ’h t i s . l ’s ’ i ’  bo t bu s e t s  s i t  mlu , ’l u s s u n s ’ m t l s ’ r l t s , It l / r s - d i s l s ui o I  “ 1 1 . 01 i m u  1 i S

i t i d i c l u t e - d ,  ( c i t h  s t i t u s l l i r i  t s ’ d b i n l i s l l u n s  ( sn s ’  s\ h - s 1 / s ’n u s l i \  \ )  , I i  1 / m ’ nc i s u o b l  o f  5°,,

I S  p l’ u , l i h i h - sl y ,it t i  t lil t l / I n  us i t  hi us e’ ! 1 - sh s’ve I s s j is ’ s I t s ’ c h m n u  I ch i ts ’s mu I ’o I 1 se I sc I i omi
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I . I - 2 ‘l It,’ s i l i t l i  1 I’ ad , ’ S S I l I p  I lIke ’S h i t  5/ I l d d s s i l t i t  d s/5 ’ 15 1 s - N l / l m e k p F s l I u I t s I  s m . u l u —

I I’ltd t s o r u  s i n  f i  s s i o m t -  a s  1 1 1 lit ’ S , cs n’ m ’e e t  I s / n S  I s - s I’ I n r’ , s sh l I s t  Ott , Si l l I i  t~~iJ

~ - s t s s i t  1 Il l s’S - , s s i d  e s / m i n e t  i o m u s  f - s / F  ~ i S i i 1 5 ” . t N ’  l ’ s ’ s  St  15 1 /e l i  I l I p Flit i t / S - e s/m o ms  I

s’I e e l  l’ oib tS , P t  SS I s S l l  y u s — i - s i - - s  • ,l ~tsh g l i l l lb l lh i  - F I l y  Se I P hi h s s i F l  I s i ms  I i i  I h l s’ I s / I 1 5

1.2 ‘I ’h t is l i l t I  huo~I u s  I l t t e ’b i s l e ’ s l  to - s  Ss ’ smse ’, i  i n  d s i n i l l l t e t  l o o t  s’ l i l t  S”~ I ’ I

‘-t5 ’t heu sl I \\2 , “ 1  l ’ n h l d l  m l  I l i P  I S  S~ 1 1 1 1 0 111 i’s! S s i  o s f  Sel I t  I’s /mm I b tms ’o hltt 1,1 Se I S o t  1 5 t 1

I - s i b  i s , ’’ Con i ’ F s s v i s i s m ig  t I m e  l e s s I — , l d ~ , j y I l t  b o n t  b n ~~t s t  d I s t I l  I h u l s I  Ire Fe ’ s (tI b I ’esl in

i l l s ( s )  I ~I i m u g  n t e s i  l ms / I t  S 1 t ’e t  nI l , I I  ~ ,I, ’se I i  Se51 i r s  I ‘-I \ I u - I h iosl I \ \ I , “ [ m m  1’- - 1 , 1 1 m u g

\ eu t  l’ s l /  S p e c t  F l u  - 
‘ l b s  I 5 -s ’’  hi s -sd s s s - s , s r  t s / f  t h e  - u - i  u - s I  51 1’ s Pt ~ t I s I t s I 1 l  ‘is us hm I cIt

inn iu t , Ie \~ Vt ~l t ’ t  ‘ u - s 2 S SN I , “ I } s l l I’ l s d t  em - i : i n g  N e - s t t  m” , - s I i  N/ s-c l F , l  i n  I s F1 110’ s / C

I ‘- \ l e\  -s~ u s  I tom 1 cut  F l  I t e n d o ’  t ’om I-Psi 1 1 1 1  1 oIl I5 l l u l l mg c  I l l  Sb Iics - sn/ ’’ l t I t sh  AS i’ s -I “ I t  I s -  ~t

I 553 , ‘‘‘ I s :15151 ’ s m tp t h i n  Re l i t  I Vs 1 - “ I s ’ \’  5 1 1  u e s m t - I - s j t s l  s , s  I e ’ b t l  - 1 s u e ’ n t d s’ s o i l  it Fl u ’- I

N e i  I t I’S / Il S I - s s l i m t o - -s I’S -

- S I n  t h i s  51e’i I s/ sI , Cs/I/si sis-ra I j o / I / S t h i t s t  11 1 / h / is ’ ‘ I t  h e m ’ gcns’ t’~m 1 1  I o u

b/C U t Fs t/u—hi dt I s l i t  I O tt s l e l  s’c f - s r  ~ I F s ’ d I s~~ius s esl i nu 5”’ ‘1s t ‘-i - s -I b i s si I I  2t- s  1 , ‘“-I t -tu ss m n -

l Im e ’ Ns - s s t r o r t 1 1 1 115 buy R l u e l i u - , t d t  I v l u t b I t  ‘ l s ’ d h u l t l s j l m , ’ S , ’’ wbu I he ’ l - s l u e k s ’ n ’- s - s I s m t o h  m m m l - s o ’  , , u  -

t 10 / ru tilt I he - 1 0 1 1 1  I l - s ’ si “ ‘1  hoels t’s r t i m e  t m u l l  I visI t/ It I t Ii Fe’SIis / is ! — I ’ S I I de t  e’d i F

s i t ’ ‘s-icIe st mt — s i s-s g i ss ,’n in t h e  t ’- s - s l l o w i i s p  \‘- ‘l ‘Ie’th-s ds .

L ‘ ---- - 
- : ,,., ~~• - - 



AD—Afl2 276 IRT CORP SAN DIEGO CALIF FIG 18/4
NEUTRON DOSIMETRY STANDARD.CU)
MAR 77 V V VERBINSKI DNAOO1—7 1s—C—0163

UNCLASSIFIED INTEL—RT 8106—054 DNA—4128F NL

2~~2
04227$

a
END

— 
____________________ DATE

• FILMED
B 77



\lea 01 1’I lli~ i l i c i na 1 \ c u  t I n  I I ii .~ h e Rad I ~‘. ic t I v a t  j in
I ue~

Ii ~~~ ‘le~i su r i n g  I a st  \e~it  ron I l o x  hr R ad I . a ~~t ‘ i t  I o n
1 1~ ) l i

I.  In I ~l a su r  i n~ l a s t  — . \c ut r o n  I- l u x  hV k . i J  i i ’ i C t  I \ i t  I ‘fl i~ t
N I c  k ci

L ~‘le a s ur  I fl~ l o i s t  — N e i l t  r OIi I I L ix  by tad o.i c i  I ‘n ‘ 1
So 1 f u r

h 2(0~ ~‘le ,Isur 11i.~ I :1 ~t — N e i i t  run  I I ux  by R ad i u r ic  t i ‘, r u t  i O n  0
A l  urn u t  (1111

E 343 l i st  ~\eut  i’O!1 I 1 i \  II ’  .\ i r i  l \ ~ 15 ‘ t
Act  i i t Y t rom

E 4 1 9  Se! ect i o n  o f  \ e i i t  ron \ c t  I I on ~~~ t o r  ‘kit  cr 1  a I s

2 . A p p a r at u s

2 . 1  ~l e ( L i )  Or I n t r r n a : c  ; ‘ ? r  ? r . r r r  r m o , — k a u ,  1) , t, ’c ’ ?

2 .  1 . 1 10 P e r c en t  or  g r en t er p hot o J L )  k c f t  I c I cncv  fo r  
(
~

i
I . 0 , r e f e r r e d

to  a ~ i n c h  he 3 i n c h  ( . ( 2  cm d i  n i m e t e r  N a i l  F ’ I de t ec t o r . l i o t h  r u t  23 cm

t r or:n s o u r c e  . . “ li i  i t  i c h n i n n e l  n i n n i l v : e r , a b o u t  1000 c h a n n e l s t o t a l . I O U  nu t :

or  t a s t e  r , 2 t o  2 .  r~ ke\  I’eso I ut i on  . P r ec I S ~Ofi t a i i  — pul se r • ~ t) eps

I th inputs to i~a it ima — roe d e t e c t o r  preamplifier and to scaler.

2 .  2 Foi l m i  Sou rco I /o

2 .  2 .  1 l o r  a c c u r a t e  y p05 i t i o n  i n o ( and  m e a s u r i n g )  t he  c e n t e r  of

each f o i l  , and the cci t t  er of the  gamma — r ay  s t a n d a r d . Requ i red pr ec i s i o n

i s  0.2 mm or b e t t e r  in d i s t a n c e  from face of d e t e c t o r , and 0 . 5  mm or

be t t e r  in  l a t e r a l n i l  I gn m en t  . t h e  appa r at u s must h a v e  pr ’ov i s i  on for i n s e r t  —

ing a 1 . 2 7 — c m — t h i c k  l e ad  sit i o l d  ) see Sec . 2 . 3

2 . 3  Lead S l a b

2 .3 .  1 A lead s l a b  I . 2 cm t h i c k , p o s i t  i o n a h l  e aga i f i s t  O e )  L i  ) or

i n t r i n s i c  g e r m a n i u m  cr v o st a t  ( f l a t  f a c e ) .

2 . 4  NBS il -L i ne Gamma-Ray Standa rd

2 . 4  . 1 A NRS 1 1 — l i n e  gamma — r a e  s t a n d a r d  , I ess t h a n  one yea r  o l d

¶1 .;

- _____- - - . _ — .._- - ~ ~~~~~~~~~~~~~ 
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l i e t e c t o r  Ca l  i b r r i t  iou

I The d e t e c t o r  must  be ca i i  b r a t  ed to g i v e  th e correc t  e I i i  c I e n Oy

t o e  ~anuiia rri v s emitted f ro m a 1 . . — c m — d  i am e tc r  source , u s i n g  a sma 1 I c r

d i r i i i i e t i ’i’ sour ce  as a s t a n d a r d . t h i s  i s  a c c o m p l i s h e d  b~ measuring the

count rate unde r  each peak o f  t he  s t a n d a r d  , i i  r st near  the  f ace  of ’ the

ili ’t e ct o i ’  C r~ o s t a t  , and t hen 10 cm ía i t  h e r  hack

3 .  .2 Ib is m’a srireii ie ri t E S  mad e  a t  t n ) t h  plac es i~ i t h  t h e  1 1 — 1  in c \R t ~
it au hi n a— r a Y sou rce .  Tb I S I vi’S t h e  e t t i  C i  1’flC V r I N )  at  some u n k n o w n  d i  s t a nc e

\ t roin the effect i y e  c e n t  e r of t h e  det  cc t or , and c ( 10 + N )  at 10 ciii +

At 10 cm , t he I . - cm-i l  i am et  er  to I i  s I :e 1 cads  to a co r r ec t  i o n  of .2 per-

Ce nt • as compared t o  t h e  source  w h i c h  i s  0 . 5  cm d i a m e t e r .  I P l o t  t h e

c f f  I c  I encv t each los I t ion  on I or , — l og  plot t j i g  paper  and read of  I t he

e f f i c  i enc v  i t  e a c h  ncr t i oh f o r  an e n e r g y  I c o r r e spond i ng to one ot the

h o t  t e~~t f o i l s , s ay  .\u ~~n , ) - Au ( 1.2 keV ) , and c a l c u l a t e  the  rat  i

( N t / i  I t i c  . Repea t  t h e  m e a s u r e m ent  at b oth p o s i t  ions  with the

i~o 1~ i t o i l  and cot R . ~h i 1 t  i p l o  t i l e  x l  b R / R  to r e t  t h eI d  go l d  c a l
c o r re c t e I i i  c enc \  t o  r a I . -cm— d r i l E r e t  e r to I I at x . k epea t t h e  p r o ce—

d u n -  m o n  one oh - t n  h i r l i e r  ‘ r i co - i’ae  e rii i~~ie S  Is tli r i t i o t h e r  h ot  i o j  I

‘fa n i t h I ’ ~r n r i - r ; i \  in e s  i t  ~ L rind  I S S I  ke l  I .  \ o ~ s l i d e  the . \ )  c u r v e ,

is mi -a -ii i red t~ i t  h t h i  I I — I I no S i n  thi ! i’d , t ii pass  t Ii rough t hese  t h r e i  c o r —

i’ c c I  ed po nt  S .  I i i  i s  r e p r e s e n t  s t h e  propei’ e f f i c  I e i i cV c u r v e  t o n  a I . T-cm -

d i a m e t e r  f o i l  a t  t h e  d i s t a n c e  x f rom d e t e c t o r  ‘c e n t e r . ’

3 . 3  F r o m  c o u n t  r a te ni - r c r u r e m f l e n t s  n i t  x di i i  I (~+ x  , i t  I s aS  t o n i i t d  t h a t

t h e  ~ I t e c t  lye cent en of a pa i t  I cu l  a r 13 p e r c e n t  (;e ( t , m ) g amm a — r t \  det  - c t  or

( 1 1  i s  . .  1 cm t roni the f i at f ace  of t i le  c n \ o - ; t I t  i h c r  , t h e  c e n t e r  o f

he s t a n d n i  rd source l u L l  of a 1 1  t lie t o u s  ( t he c c u t  ci’ b e i n g  i t  ha !  f t he

t o  I thickne s s riius t he located t o  is th in 0. .2 mm to keep t lie co i t  ion i

inc r ’ rt a i nty down to  21 .

5 .I lhc above same cal i b r i t  ion m u s t  he r~~pu n i t ed f o r  t h e  — \ p  so u r c e

heh i rid the 1 . 2 -cm l e a d  s h i e l d .

3. 5 \ s imp I en a ppm’ on ich can he i i  ned i t’ t he iue i s  i s o f  t lie .2 i t  cc t or

i s  locat ed. \ cni r ‘ m l  ‘ r n i r u i r i I l i o n t  rin d \-y a of’ c i t  r i t e  \ e r s i i s

p o s i t i o n  at t l i t ’  d o  - t ~ i t  i ce i s i  I I  • I ~~c o I i i p 1 i s h  t l m i ~ The p oint sonmc e Is

~~~~~~~~~~ 
‘
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then s i mmm l ) 1~ mlio\ ed of  t IN I s , 0. ~
‘ of ’ t lie i n i v  1 o t he i i  i~ lii m r  i f t h e  I . 2 ” —

c tm i— d i r i m e t e r  fo l  I .  I h e  ch ic  i ency  im i e as iu r ed  here i s  n i p p r o .\ i i ~i n i t c l v  t i e  r u i n  —

w e i ghted  e f f i  c i  i- ncv  ovci ’  t h e  I . 2 T — c m m i — d  l a m e t e r  t ’o 1 1

- 1 .  C omn it I im g P r o c i~ i i i m ’ i - and Area Ana l ys i s

1. 1 Set t lie amp i i  f I ci’ g nu i n  so t h at  2 ~1eV cor res p onds  to  1000 chau i n e  l s

on t h e  ari a l v  cci’ , and t he  I — M e~ p o i n t  a t  about  2000 channe l  s so t h a  t t i m e

e r o — c h r i n n e  1 o f f s e t  i s  sina 1 1  . Set the prec is I on pu 1 ser so t h a t  i t  frills

nit I .  t~ to  1 .  ~)5 M c\ , is e l  1 above the 
O6

Mn lS ! l-keV I i n c. P l a c e  the foi 1

in t h e  coun t  i ng p o s i t  i o n .  Run t he an n ly:er on clock t I m it e w i t h  t h e  pm~ 1 s o n

r u n n h m m g .  ‘t he r a t i o  of t h e  p u l s e r  events a p p e a r i n g  i n  the peak nit I .1) to

~i3 ~1eV to  t h e  p~ 
1 ses gene  r at  ed g i v e s  t lie co n i’ i- ct  I on t o i ’  the  comm m h I n n i t  I on

of aunt lv :er di_ adt I mc ani l  pit  1 s e — p  1 1  cup I us S i 5  t’rotmm t h e P~’~ k . ‘I ’h e r i n n i  I :e r

can he nmiii on li c e t l u t e  i mcr te n iil , hut  iii this case  t h e trite clock ti m e m oist

he rm m n - n i s m m r e d  . \ i t o  i ’ ii n it I ye l v , t h e  pu i s e r  cvi ir t s can he counted is I t  h a scaler ,

c i  i’e he I ng t n i  ken t h a t  t h e  a n n i  1 ~ .10 nu nil 5C  Eu 1 ci’ a r e t t i n n e d  o mi  r ind  of  I t o g e t h e r .

1 , 2  I l i e  pi~ak a n a l y s i s  r o u t  I n c  m u i n t  he t h e  : n n i l n i o  f o r  p u l s e s  f rom t h e

p u l s er’ as t o i ’  t h o s e  t i’ont ho t  ii c r1 1 i l i i’ nu t  ion  rmil t o  i e v e n t s .  I n  one n i e t h i o d

t he c o u n t s  i r e  p 1 o t t  ed fo r  t h e  penik and t he ni - r i  rbv re gion ( .3 keV or more

on each s ide t . By f i t t  i n g  a st m a  i g hi t Ii lie t hui’ong h t h e  base! m e , the base—

I m i e  .i i’ea c a n  he SuI lt rnict i-d f m ’ i ( Hi  t h e  p i n k  1 r c a .  In cotnit I ng fIssio n fo i I s .

t h e  peak s h i n i p i -  m u s t  he r \ n i n l i  I ned ca ni-l u I I t o  i’ t h e  pi’n-si -n ce ot a very c lone

~iei gh ho  r I im g peak , I n wh I ~h cr 1 se pen k — shir t pe n im i a I vs i s mi ni s t he coed . The

count I img stat 1st i c s  mu st he vei’y good t o n  the peni k— shn ip i ’ ana  l \  s i  s to he

a c c i i  i’a t e. the  a n n  1 vs i 5 can i’ i t  h e n  be done by ha nil . on w I t h  t h e  s \~lI~i )

COL I C ( 2 1 . The i t i n i  l v  :e u’ sh oj ul  d be run , when evc i ’  p o s s i b l e , unit i i  t ~~~ ‘ pe~~
r ent I s 1 (1 , 000 count  s or g rent en

3 .  Ba c k  r o u n d s

5 .  1 Room R e  ‘r r , ; r o u r i , i

3 .  1 . 1 Tb i s  m m i i i n ~ he k e p t  t o  1 m i n i m u m  h sd ect  I mi g 1 l o i s — b a c k g r o u n d

c o u n t i ng n i r e n i , s t a c k i n g  a l ead  s h i e l d  of nit  l e i — t  3 — c m i m  t h i i c k i i c s s  a round

t h e  di~t e c to  i’ • r ind  m miov i ng n i n n i v  n i l  1 s o ur c e s  umot b e i n g  coun t ed  . \ r o o m —

h i i I  g r o u n d  i’un i s  t a k e n  and i s  d e f i  i i i  t e l  v i’equi I red f o r  long I ovei ’n i ght I

c u t  s , such a S t o n ’  he - r I n , i i )  r react  i omi  . wh I cli has  a t hi i’csho Id

_____________ _______________ 
—4
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e n e r g \  I n i t  about 1 I ~Ie\ . n i n i l  c o n s e i j m t e n t  l v , ni l ow sp ei ’ i  f i c  a c t  i v i t v , or

fo r  I i i  ,p( 
00

~~O , is l ie re  t i i i - hni 1 f -  I i t i  j s y en ’  I

3 .2  i i ss io r i — L o i l  Bo~’~nac ‘n i ; )

5 . 2 .  1 I ’ i s s  i o n — f o i l  h i c k g r o u n 5 l s  m o i s t  h i- i’ a re f ’u I  I i m i e n i s u r e d  b _ -cause

the  fo i  i s  n i n e  ra il i o n l c t  I ye ts ~t h n i ve i - ’ ’ com p l e x  n m u n m n l — r n i V  eu m i i s s io n  spe d r u in ,

and because t bee a u ’e reused ilue t o  t lie i n  l i i  g hi r e p l a c e m e n t  cos t  . I f  t h e e

had been i r r ’ a d i n i t e d  w i t h i l n s eec i ’ a  1 lint I f ’ — !  i v e s  b e f o r e  t h e  n e x t  p l a n n e d

i n  rail i nit  ion ( o f  ni t  I e nt  St t h e  s n i m m m e  o r  h i I g lie n t ’ I i t enc  e I , t h e  bac k g i i  nu nd

sh ould  lie u m ie n i s u i ’ed more t h a n  once  to se p ar a t e  out t h e  n o i i  i i  l i n e  [35~ ,

or I St ) 3 ke V ( s e t ’  l a b  1 e I ) ] ,  mc i t t  re I at i v i - I ~ sh ioi’t  ha I f - I l  fe , t ’romii

r un ’ ’ l o n g — l i  veil rail l o r u c t  iv  i t  e cont n ’i  b i t t  i o n  due to  n a t  u r n  1 i ’ nt d I onIi ’t  i v  i t  v

( o i ’  to o the r  f i s s  ion f rn i , ’ ;;; i ’ n t s )  . The b n ic k g r ouiu id  peak a n - r u  t h a t  is I  1 1  St i l l

be p n i - sen t  dun i u i g  th e  count i ng t I me n i tter t h e  n e ” t  I ru ’ nt d j nit I oi l I s t l ien

c ni I cii h a t e d  by a d d i n g  the  t b e — d e p e n d e n t  a r’eni of’ t l i e i n i m , u  - r n ’ - l i n e  m~, i t  h

kno w n ha 1 f —  1 i fe to  t h i n i t  o I t h e  st e n u d i —  s t r u t  e component

f i .  Da ta  An n I v s i s

f i .  1 C oi ’re ct t h e  pe n t k n u r c n i s  fo m’ an n  ly : e r  i l e , i . 2 t  t ime lo s  ~~i’ ’ ~ and p u 1  s i —

p i 1 cup l o s se s  by m o t i f  i p ly i n g  t lti ’ nl i ’eni 1w t h e  r ’ n u t  I i )  o t ’ t l ie m n i n i l c ’ r  O h

c i  s ion pu l s e s  g e n e r n i t e i l  dni’ i ng t h e  c o u n t  i n g  p e r i o d  t liii - turi n  In  i’ t ‘ i t n i  i n

the p u l s e r  peak at ~~l . P ~I e\ . D i v i d e  by i l e t i ’c t o l ’  e f f i c i e n c y , g n i i u n i . i —  r i ’

in t e n s i t y  (gamin a /  react  I on , ‘ l ab !  e 1 )  , r ind f i s s i o n  y l i - h I  l O i ’  I i  n s i  on m o l  I s )

Cori’ect fo r’ g nut m mu mi n t — na y ri  I f  n ib so rp t  I on by i t s  i m i g  t h e  u p p r o  \ I m i t  i e\ l i e n I on

÷ 1 ,  (~ 1 2  It I i )
0

where  t i s  the  measured act  i v n i t ’  i on  d e c n i v  r a t e  r u t  t h e  t i m e  f ’ c o u nt  j i g .

t h e  co r rec ted  n i c t i v n i t  i on , th i -  m t m n i c n o n r c o p i c  L i nlmumn i ni — r ’ niv t o t a l  c r o s s
(I t

ni - c t  ion ( c m m i / g )  , and ~-I t h e  t h i c k n e s s  I g / cmn ) of  t h e  f o l  I r ind i’ui c u p - r u l n i t  i o n

mat en I , u 1 . l qtta t ion ( 1 )  1 s a c c u t r n i t  e t O  ‘I— I percent in : fo r  ‘ ‘z 1 . 2 .
0 0

‘l ii i- n t imbe i- .\ ot  a t o m s  made m i d  I oact I ye by t lie n e mut  non I i’ i’ ni d I n t l  i o n  I s t l ien

g i v e n  b y :

-- ~~~~ ~1.. . .. . T .~~~ ~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~
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I - 1 5 . 1  c t 1 ( 111  I f m  SS i o n  t e I ~I ( ‘ I —

i s }i i ’ t ’ L’ N i s : h i ’ i h ’~o I t  e g n u ; u i m n . u  — u ’n u \ ’ i l l S  j i l t  i’ t~i ’El t I on i ’ ni t  e , t ( i I t h e  netit ron

i i i i  i it t on i t l imi t ’ , t In t lie i~~i it t ime bet h i -en  t h i ’ enil of t h i — i r u ’ nid I nit ion

i n n  i - i ’ S .11 and t lie b i g  i n n  i n ’ , o f  t i - ic co tn i t l u g  i r i t i - i ’ \ ’ n i I , r i nd  t (c  I i s  t h i i  d u i n n u —

to ut o f ’ ( lie i’ount  i ng t n t  i-i’ vn i 1 .
— . , - . 1 . 10  -o ._  I on ’ t he I . i t t~~ — ke \  i i n c  o f  h a t ( ~ = (0 .2.1 h o u r s )  , w h i c h  i s

~h i t c ~ - 5I by t h e  10 h , nt  d e c i s s  1 . 1 k 1 2 . 5 ilni ys~ , Fi 1 . S hi-comes

~ ~~~ 
[I~~e It t 1  i l ]  

- !  

[l~~e 1~
t
~~~~]~~~

_ A
B t (w) -3 1

t (w)

~~~ 
“
~~ 

( f i s s i o n  f i e l d )  * (LPb  e — e

where 
~h’ ~ r ind  ( f i  ss l o u  v I e I d )  a n i - t lie n uu i t i he r  of f

_
I ss ions pi’oihruceil

the  d ec ay  c o n s t a n t  for  
I - h  0Ba , ntnd the f i  ss ion y b i ’ l d  for 1 

~~B n i ( see  ‘l ’ nib I i -  I )

r e spec t  b t ’ i - l y ,  
~ I i s  t hii e i i i I s S l o u i  i’ n i t i  fo i’ t h i i ’ l 3 9 5 - k e V  1 ’ 10 Iat g nl mmm ini n ays ,

t hi’ ih e c r i ’  c o n s t r i u i t  fo i’ ~ 1~~I , n i , n tn ih  i t . P( i s  t i - . ( / r e n i c t  j on  I of ~ 10 l , n i

o - S ho i- wn i I t t I t ies of  1 ) ~ i l n t v s  on moi’e , l~~q . S i ’  eih u i c i - n  t o

* (0  5(’ ( )  
~ 

B~ 
( n )  

[1-c  
\ R t I 

m l ]  

- I 

~ 

\~~t ( c ) ]  
- 1

= ( f i s s i o n  Y i e l d )  ~~~~~ )t ( - 1 )

Is i t  h i i- I pe r ’ceuit  i- i- ron’ a t  I t )  i l n t v s

o - I Thii- i-a l tie of N ( h iq s  . .2 , 3 , or . 1 )  I s c o rn e c t i -d f ’ou ’ an y S i g n i f i  —

o o u t  ucut ron se I I— sh I o ld  i ng or 1
,
! mix d ep i’ eu r s ion diii’ l ug  I i’rnud I rut I out , and

R = N/ N ) ( d i s m i t t - gna t  i ons  per t a r g e t  n u t o i i i )  j 5 c O i m i l u i t t e d  f io u t i  t h u . ’  m mt er t s uur ed

t i n et u t n i s s  r ind  i so top ic  ab u iuii ha ui c c for t h i  n i n i c t  i o n  ( T n i b l e  I ) .

• I’ ni -c I S I  out

I ‘I l - i c pro c i s I on i s  1 1 1 1 1  ted by the  count I rig s ta t  i st i c  s , by t hit-

r ep r o d t i c  I b i l l  t v of  t l ie SIt S c n i I i  h rn i t  I oui son i’ci- r i nd of ’ t he 1 ocn i t  11 ) 11 o f~ t li e

f’o I I s  r ind t hi’  s t n tn , in i rd SOI t i ’cu- ts’ i t  hi r ’esp ect t o  t h e  detec ton , and by t he

“ -- -- - ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



m ’ c p u ’ o i l t i c i h i  l i t ’ ’ of ti m e ~u i-n ik _ nlni- rt _ ninnilysis rout in c  used fo r  t i e ’  f o i l —

c o u n t  i uig ni n i d  l ’n ic  k g i ’o uu i i d  me ni s u t  n’ cment
‘
~. 2  ,\ c n u h i b r n i t i o n  o f ’ one NBS 1 1 — 1  l i l t -  source  m i x  ( 5 5 — , 1 2 2 — . l i i - ,

5 1 - I — , (s( 2 — , sos.- , 1 1  ~‘3— , 1 3 3 3 — , ani l I S 3 ~~— k e \  I l i e n )  a g a i n s t

r t n o t h i c - r r esu l  ted  i n  ri s t a n d a r d  i levi  nit ion of 1 J u ct - ct- n t ton tb -ic i’ i ’ ] ’no i l u i ’ I —

h i  I ity of the  c n t l i h i i’ n t t i o n  p o i n t s .  ‘l’he sou r ce l o c n i t  l imi t  ( i n c l u d i n g  SOulu ’ce-

5 I :e conr ’ect i o n )  1 en t . l ~ to r u flr’ei i 5 ion nnce rtnu I n t\ ’ of ’ ‘‘~~ pen’ cen t ( i f  n i c o d

a I i  g nmm ie nt sc h iem mi e i s  eimmp l oved  for both - i  d I str i n i ci ’ r n - id la t i~ i’a I n i I i  g n mcn t  I

because  of ’ t lie n-t e ni u’ness  o I f l i t -  f o i l  s to  t h e iletect on’ , the tsi - rt ken’ t o II s must

he i’ o m u n t  O il next  to t he m ice o f~ the detector i’ i’sos tat . l’ i-ni h— nt ri-ru Eu nri I vs is

a nil bni c k g r ound suh t i’ac t ion  a re so mmuew h ’u a t. i n sep ni r ni h I c .  I f ’ 
~- l  penc eu it i) i

l e t t e r  count ing  s t n i t i s t  I i ’S c n n  hi’ a c h n e v e i l , t he  n u s s o c i n i t e d  p n i - c i s i o u l  i s

‘~ 2 pe i ’cc- nt t’or tion— fi s-c i on ho 11 s rmil 2 to S pi- r cen t  Io n’ f’i ss i on fo i I 5

i le l l en i l  l u g  ti n - i t lie l b  n o cho se i m , t lii - in nail I n i t  I o n  t ’ 1 m ii - nc e  , and t he mmiri g n It uti l e

ot’ the bnick gi ’oitnd

1’ , S A r m o i i - r n i l I pn ’i-ci s iou ot S t o  0 p i ’n’ci ’ul t i s  s m i g g i - s t e d  as  dii- hi-s t

r ich  i e v n i h  le  i l l - c :  I si on , cui im b l i i i ng n i l  I th i ’ ni hovu. - fn i ct o i ’ s  . i f ’ t l ie 10 .  5 —  hour

2 u ’  I in c  of ‘-lS kc\ ’  ( I )  is u si - il fo r  n u m i r u l v s i s  ot ’ — _  “ ‘lb  and — ‘ Np f ’i s s i o n ,

t h e  error i: i nl \ ’ he mitch gre nit i -u ’ , u n h i -ss strI pe t ’ I  t t  r ig i s  i t t  i l l  :ed r ind

uu i easi t n ’ oimme nts  r u ne  mrud e n i t  d i  t~f~ci ’e uit t l il ies to  n u j ’ t  i’ : i c t  ou t  t hi t’ ef fec t oh

t lie 
1 1

~h gamim i m mni — rn t y  I inc  I f~~ I io t i i ’ )  , us hi I cli bias  n or m I ~ t lie snim nie  gr umn m n i — r’n iy

en e rgY ( “ I f )  k eV )

S - \ c cu r n t i  y

S. I I h e  r l c c n t l ’ ni i -y of ’ c o m i i i t  j u g rind dat nu rmni Is s is ni- f’I i - c t  s d i r e c t  Iv on

thi - ;‘ t ’ i- i’ i s i o n (see Sec . ~
‘ ) ,  rind the nui - c u ir nl cv ot’ the niu cl enir d n i t r u . .\ t  t h i s

j une , it is t’el t that t h e  tin c i- i’tri i n t v  ii ’ t h e  branchin g rat los of ’ the

g i t c u i i n i —  r nm\ ili - i-av sch icmes , i u c hui d ing the c i u iv i -r s  ion e l e c t r o n  coet ’ f i c i e n t

is 3 p e r c e n t  fo r’ most cn is en , rind t imni y  he  u s  l a n g e  is  10 percent (‘on so n m t c

i nd i v  i d i t n i  I c r I s i s .  ‘I’h e (~i s  I on y Ic  I u s  n i r’ &- prob n ib I y I nown t ~
‘t he hal f — I  l i - i-s r i mu.’ known to  1 pi’l’cu.’n it for mo s t  cni s i- s , rind mci II not be

I in po i’t m i n t  e\oi ’; t  t on’ icnu i t  i n g t n u nes  of ut io n- i- t h n tn i  2 to  3 ha I t
’— Ii y es . \m u

o vu. -n n i  1 1 n i e c t i  n ,i c y of -~ 1 (1 p e r c e n t  i s su , ’ i ’e ’r t ed  as the i- ru liii’ pu ’obri b I y

r i ch - i t i ’ \ , i I )  ii - f or  mutt -ni ‘s l iming spec i f I c ad I I vnu  t i on i s , a f t  i- n  Souu i i ’ ‘ \  ~ei ’ I i-nc  i- hr i s

P

h,_~ _ _  _ ! ,  - 
‘ -

~~ . 
-•-‘ . .

~~
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!lu.’i’ii nii ’hii e v c d is i th ti -i c sou rce— Io c nu t ion rind nirenu — nin i n u l~ s i s  si’lneuiies r i n d

n’ e I I iii I c  iiic th ods Itniti ,- hi - i- ri ihevi ~ 1 opu.’ih • \ s’a l iii’ o f ’ IS p i’nu.’ent t is more

1 1 kc 1 , rind m~ i 11 bi nii ’ i’ rih o u t t ’ n i S p e m i e i t t  C t t i ’ c  t on thit’ El Cdii r n ii ’v of ’

:i i r i s u ini nig ~ (si-c \S’i~ 1 ~sle t h’uods Ii \\l rind I \\ I)- eq 
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t i c s  I gn’u r i t ion: I’ \\ I

St a nil a nit Mi - t hod f ’o i’

CII , \ i t , ’\ C’I ’ I i R I  I N C  N h i U ’ I ’ l t O N  SI’[L I ’ ft\ I N  H i~si-~ oh : 1 —~ )i-~ Is ,~l I I \  A I . I . \ I
h r l , h j l . \ ( ’ l FO R R ,\ I ) I A I ’ I i ) \  i \ ~l \ C I  I N  S I  I _ I C O N

1 . Scone

1 ‘I’h is itmet i-iou desc r Li’s a st n t n i d r t  i - il proc edune f ’,si ’ chnu m ’ n i cts ,’ r I: in g  a

neu t  i’aui f_ I  e l i l  is i t  h spect  i’mimmm .~ ( h i ) i n  t so i ’uu i s o f~ ti-ic .~ , the t’I nenic i- o f
cii

neut m onis r ica n ’ I \lc\ u’ei lut I red t ~)  lh i ’od1 ici~ the sni mm i e i’rud I n i t  i o u  d r t m n n i g e  in sou tie

uu i n i t  ci’ in I x wl i c di ’ t lie until i nit io n dnnmn ug e nine I m on I I I: I I s Lui omcu i

1 . 2  h i s  itmethod d e s c n i b e s  Eu - s t n i n i d n u nd pn ’oc c du ni ’ t a n ~‘ h r i r n i c t i - r i  : lu g

he o h n i p c  o f  .u n ciu t  ron s 1 s i - C t  i ’uiu i ( I  I i n  t i ’ n ’ mm u s  o f  t i m e  hn i n ’d ne s s  pa i’ nu: : io ’ t i i ’ .

/ : . I t  I s de t I  ned n us t he f
_

I u i -nec  of  n e i u t  n - on u s u t e r i  i’ I M i ’\ i’~-~~n I ned t o

lh t ’o d i t e i - t lii’ sri /t iC i’ri sl I it I oi l i l a t : i n i ’e i - i one on i t  of  f h i u e n i c e  o f  t i c i t t  m a n s  of

~~~~~ t t n u l i l l  t n  h ti t I on ( I . )  -

1. 5 .\ I  t it s s ig iu  t l i c s e  t n u n d n i r d  p r o c c d i u i ’ e s  , i i ’ i’ n i p i l l I c n i hl e t o  c h a r r i . o t i-i ’ —

I ng i hi ’ spi-c t no i - :  i n  t e r m s  of end i nit ion it ru mn ugi - to ntnV ‘non t en I n u 1 x i~ here

D ( I )  i s k n ots n , t lie p m o - n c  r i pt i o n s  ou t  I I ned lie ri ’ n udd  m ’ s.’ /~s heimise I yes spec i —

f i  i- n i l  1) ’ t o  i’ rtd i n i t  i o n  dnu ~:~n i g e  i n  s I h i  con ;  t h e  ihr uu imnu ge funict iot f o r  s i l i c o n ,

I t s . I I  1 . i s  i’ nu p i d i v  v a r y i n g  t i c a i ’  1 \ C’ ~ - ‘ I b i s  m u i c th ’ ioil c o n i s e p i t e m i t  t o  ~r e s c u ’ i b c s

n i l  t e i ’ n n i t  i c c  de f n i t  i o n s  f o r  ‘ 1 s I I  i c o n - i )eq
I ‘I ’ hi is tii - t hu od is p r i n t  of  Eu set of ’ st a n d n i i ’ d s  dent  I l u g  u c u  t h  n e i i t  rout

) h i’d t  i i ’i i iet  ri , rind I s I mit enud cd t o  se rv e n u - o n u nie nu nis o f chri r niu ’tei’ i :1 m ug di f-

f ’o’ r e iu t n o n i t ron spec t m n , t i P ) , used in r n udi at i o n  i l n i t n t n i t ’ , i’ studies rind p r I nts

I tig of’ i- l i - c t  r o n i  c c o m p o n e n t  ~~~~~~~ .-\ s t r i n d a i ’ ih n i t  hod ~ s t  d e du e i  n i g  ~ ( F )

by u nito ld in g 1 1 ’  t n t  u ’oti t (un’ esho ld - f ’ s I I n e t  i v n u t  l o u t  J . i t n i  i s  cos’e n e i l  i n  NH’ )

~.li t hod I \ \ l , ‘ ‘ S t n u i i i l n t i’d ~li . ’ t h o i h  to n ’  l ) n f ’~’s t i l l \ i ’m t t  non Sp ect n - ri .’’ h u e

i ’s ic e dit ri’s t’oi’ se li ’ct 1 uio ~ , I i’i’nt i t I n it I rig nunil co su tit I ui~: t lie fo I Is , t he t ab u t I Eu—

t i - u i  s f ’ i s I I I C  o f ’ the r e quil u ’~-~l nnc lean’ con s t  n u t s , amid the U i ’ hod of en Icsml.it i rig

u i’d i f Ic act i C i t  oi l- n of t lie 101 Is r u n ’  p re s e m mti ’uI in A S’) .’) ~h ’t boils F \ \ 2 .

‘H i’ i’niuh l nit Iii ,’ a H ni nid ni rd Set o f ’ N i ’ii t i’ oui ‘I’l’u res hol d ,\i ’t i v n i t  l ou t  l i s t  is .’’ and

Ii \ \ .
‘
, 

‘“-l ’ n ’ , i s m i m d tm n ’ l o l l  \c t ivrut i o n s . ’’ On n ’ o ’ ri n d ‘)‘  /t h ia v i - been in i e n is ui’ cd
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rin ul i i  I c i i  1 nut ed , i t  i s  i unupo i’t n l h i  t o m ’  the u ser of n i nie u it i’on I r m ’ i ~I t n t  t i o n

fau’ I I  i t~ t o  be r u b l e  t o  n m i e n i s u u m ’ i ’ t o n ’ siib si -i j ii cuit i n ’ m ’ n u u h j a t  l o r i s .  ‘ I ’ h n i s  i s
eq

co~ c r ed i n  AS I Ni \ ) 0 ’t  houl I \ \ 2 , “li - i n n n i u  r i g  t h t i ’ ( t e l  it I c e  I ~ l o ’ \  5 1 1  u n it-

hi q u t  I v n i  I em i t Flu u cuici ’ is i t t - i  I Eist — N e a t  u’on \)sii  I t o r s . ”

2. 5 i gn ’i i  t ’ i c r n u u c e

2 .  1 In n i e t i t  n’on rnuul I nut i s n i  drim ui nu g i ’ ‘ t  tid Ii’s , us l i i ’ n ’ e t h e  uI u i m t n i g e  i s  n i e t i t  n o n —

ener gy ul epeni ulcnt , i t  is e on i v en  i i- mit t o  pa n - n i nme t en’ I :i’ ni ui eui t non f’i e Id in

t ennis of n i single uuiii ’ nl s i ’n’ u’E t l led t h e  1 — M o o i ’i~i t v . i l o ’ t i i  ni-nec . : ‘ -

euj 0 ’ !

tHu I c !n  u h u i r u n i t  i f  I c  s I t  ho ’ ru s i  rig I e n m t n u h i ’n ’ . i n i ! Eu s t n u n u l r i  n il ule I v n i t  i on of ’ t u n

nm in ui bc  n’ . I n  r u d d  i t  i o n  , i t  1 s ui si - f ’mi 1 t o  r u s s  n gn n u rn 1! I i t  l o u t -  o I n i i n i , i i ~e u p / n i  i t t  y

to  n u g i  \‘ et i  spec t n - nil d i St  r O u t  i o n  • El p rii ’ .i ’ nmo ’t ci’ i’e f e u ’ u ’ e J o he i ’ u - as l i i i

hrir dt u i ’ss p n t ’ n ’ s ’t  i’i’ . lii i s lin im ’ ulncs s pEt i i ’ n o ’t i ’i ’ i s  5 i mmu p l v : ‘ , o n - t h i ’

nium nhem ’ of  1 — “ ( o N  ni-nt i’onu s t (unit p i ’ od i uce  ti - i c sr uuu ie ‘ iii rut ion 1lnimnmn i n ’ - n is n u ni l

f ’ 1 h e nce  o f~ n eu t  i-otis h i ni ~’ I ng the spec ti ~ni 1 d i st n’ i bu t  I out (Ii)

5. Siiir i tt iin y ot ’-( i ’ t boil

5. I ‘the p i’ niuu i e t en’ t 1 5 d i’ f ’ i t o i l  ru s
eq

f ( i n I ti I:

- 
JO , 01 MeV I l- Ci i 

— 
I i  ‘ I ’ 

~~~~ - ‘~

i- i’ ( I I )  is t h e  sp ec  t rn 1 ill st r i  ls mit l out of ’ t h e  ni-sit ronts n i nil 1)1 In) t he

r’nid I nit ion  ulniut t rto ~i- pi’i’ ti n it Cl uo ’nc s o .  I)) I M i - N ’ ) I in t . i k e n i  r u s  t h e  n l v e m ’ n i y e

I)) 0.55- 1 . 15 ‘li -V )  b e c n i t u s e  1 1 ( 1 ’ . )  i s  i’r i ;~ i d l v  v n u n’~ I ng n ’,-n i i’ 1 ~1y\ - ‘I ’li e i n t o ’ r ,~ 1

doi- s rust Inc I u d e  neitt n’oni s be low 0 .01 \ )~~‘\‘ ( s s . ’ c n o i i n C  io. i-ut for nu si ’t I lit i N

spect r u i n , l e s s  t h a n  I pe u ’u ’ i ’u it of t h e  d n in umn i ge  I ni hu lk si Ii i o n  is ca u it n i b u i t  od

lv neut runs below t h i s  energy . ‘ the  0 . 0 1  - ‘h-N cutoff i(m’ oos t lv s i m p l i f i e s

thi’ c s n n t ; s ’ i t  nit i o n  of t h e  hri u’dness p ni  r i n u e t  i-i’ .

(I.) 1 ) 11 dli
(1 .01 “InN

= - - , .
i-l i

I )~ I “ Io ’\ ) i n l d l ,
1 , 1 1

t i l l
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‘I’he ‘‘ neu t non u’ O i t i i  t ‘‘ , g i ven t by the I nit eg rn I i i i  t h e  de nmu nu I n a t  on ’ of ’ Ii q . 2

i n ic 1 i t d cs  ont i ‘ n i bo u i t  ha I f ’ of ’ the  C l) i cn u dm I utmi n eui t  ron f I iu~ ion Eu ‘hR  I GA — t ~‘pe

r e a c t o r , rmul incl u sion of thu i-nit ire epicad niu i uinnn f l u x  w o u i l d  make  ; / ‘~ vu - n ’veq
dependen t on n e u t  i~ons be 1 ous 0. 01 NIcV , wh ie re El 1 mos t no dan u tn i ge OC u ’ ii rn~ , l i ’

t h e  i nit eg n’ ni I ext cndeuh down ye  ny 1 Ohs one i’g I es , to i n - ic 1 u t i le  th is’  i~i m u r i  1 i l eu l t  run t  s

t h e  5 I t ( un i t  ion w out 1 d he m m d i  wo n’si - . ‘I’li e au ’cur n l  t i- nisses sun ii-uit of ’ t hs 0- ru Im ie

ot ’ ~‘ 00~ w ohu Id t he n i’equ i I i.e r u n  au ’ u’u i. n u t u ’ uteri s u r e  i f ’ ni-Lit nun s i n  t h e  t I i i ’ i - t o r i  I
eq

i’cgionl — nun u n n c c c s - c n i i ’ v  contip l l e n t i o n  nuiih E l C r 0 - i t  sou rce  of ’ u i i e n in iutgl es s

s ni n ’ ini t io n of’ / , s i n c e  a snu n i l I nn it o u iuit ot’ th i ,’i’ni ri I— neu t non shi e l d i n g  u~o u i 1 deq
ch ni n g i - t h e  p n u n ’nu nn ie t en d rri st lent 11 v ts ~t bi ou i t clu ing i rig hr ( n ibo s’e 0. 01 Me\’

whe u’ c a I , u i s s t  n i l  I t l ie u l r in i r ige  s ) o’ i’i ti ’ —

1 , ( n i  l c u i l r i t  i o n s

1 . 1  ( h e  o u t p u t  of ’ t h e  SA N I 1  I I  t t n f o l d i  i mg code i s  g i v i ’ u i  as nu ( s 2 0 — p o i n t

spect rum u m , frou n i  I t )  11 ) 
t o  15 M eN ’ , on ’ l i s t )  1)0 1 n u t s  i n  t i - i c  r c g  I on of  0. (11 to I ~

A neu ’ent  cru I c i t l r i t  i o n  of ’ t h i e  oH I i co n’ i d i  s p l n i c e i m i e n i t  K h i R ~lA , 11(10 , h n u s

been e a rn  ed out  i~ i t h  t h e  1 nit cs t  n e u m t  rou t u’ i’oss seu-t  loui s for si l i con  ( 1  , 2 (

antul  i s g iven  ni t  2 00 energy  p o i n t  s coven  I ng roug h I v thus ’  s n u m u ’ ne t i t  r o n - i —  en e r g y

i u o t e i ’ v r i  . In  t’oI d u n g  ~F I n t n d II I I n )  , a S i mp ) c nu lim i e ri c ni 1 1 n t  e.~ n - u t  I on i s

e n rn  i’sI ou t  El s fo 11 ou 5 -

is 21)M et 

(I 1 I I )  n u l l .  = H F . )  D l i i . ( A F .  , ( 5 )

0 1 ) 1
u = .~ 

( I

w h e r e  I = :SoI c onu ’e sp on iu l s t o  = 0 . 0 1  Met ’ of ’ t h e  S ,.\N I (  I I  ou tpu t , arid the

1 ) 1  I .  ( El re t h o’ s- a I sues g i sen in - i I a l t le I t’ou’ t lie snuuuic cite rgo ’ umues h ruin t h e

I I s / I l  ( s i t  n ul s o s i’ 0.111 “ I o N ’ . I ’h ev re p ni - ” n i ’u it  values obt n ii ne d t’romuu thi-

or i gin - int l table ( 1 , 2 i  b y h i t  cr po 1 n i t  l o u t  n ut st  So u n i - gn’oiip riven -rig I rig . ts’h i ei’e

nie ce~’ -~- tr y.

1 .2 Thi i- v n t i u s ’  o lv e ni be inq  .3  is uh ivi 1li -d by 1 1(1 Met ) - l)Nt .55 -I .l3

Met ’ = S I  “I~’\ • u u i b l  t o  p n o s ’ i d e  n m 5  pen’  t .q . I .  ‘
~ is u’n i l c uilnu t esl h’s ’

eq ci(
Sj im i l ) I ”  o n  n’rv I uu ~
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I r i t lie u l c ticuunu i n in i to r o f ’ hisj , 2. ‘t he error o f ’ t lie in imp Ii’ s iultinIn it i n  I S l e s s

h int I lie n— co -nit f o r  the ( ‘ 2 0 — p o i n t  sp c’ ct ru u i i  t h~ut o’ a n i i  shies rut  t lie mtp l i u’ n I

of ’ in t o - ’n’, m ’ n u t  I on ( 1  5 MeN ’
F

5. I’ i ’ob 1 cmi in

3 . 1 11 (I ) I n i n t  u- ri ng I v  y n i r y  i n i g uuo - n i n  1 McI .  I t s  o .i lo s ’ . run g I  s o- n j ut

R e f .  1 , i s 11)2 M et ’ umib n u t  I Mi-V . u 5 h i l  c t tie ri o i’ nrt g i ’ vn t tue fu n s it i 0.52 t o

I A  Met ’ i s  51  Nls ’ t . u m i b  , , \ l  t I i o u t o ’, I i t h i s  i l l  t 1’en’en e i - da i s n ot  i ummp nu c t i mi t  i r —

I n i i ’ a n ’ u t  on  co uuu pru  n ’i ‘ions iS f’ n i  I I e o u — u l n i i u i n i g c ’ e f ’ t ’s’ct s i f ’ n u s t n u n u t r u  i’d S r i  I ue of ’

I l i l  Met’) is umu n iu h o ’ , it ls ’nu u h s t a  n u t )  u n n t u ’ e n t l i s t i e n u l l s ’  s u n u r u l l  s ilO s’ f a n
- i’sl

a f l u e n i c e  of i t , S t  n i o ,
~~ t r i . - ; of I Nls ’V hecant o’s e u i t u i v n i l c n t  t o  nu n u tit t ’ t u u c n c o -

o f ’ G O I ) I t ’ ,\ — t ypi - n i e u i t  nons ( 5 0  cm uu it ’ on n  n ’ e n i c t o u ’  . I ’h o ’ G O l ) I V , \  Ati —em u spi’i’t n’ u mm ui

I s t he lint mdi’ ;t  of t Ii ri-i ’ spect i’0i mcn t suir cu l I ti nil ) i’vni I u n i t  i o n  ~sr ss gn nuttm (2 1
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- I i N s ’ - l 1 l m c u ’ R (  ‘~~5 I in c mi ! en I nut ~‘~h , I i ts ’ s u u l  i’mm u ’ — l ’ s I I r O l l / I t  en’ ni m i s t  hi ’
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0 ~~~ ii , ‘ ‘Mn r sc t i s , i t  ions  i s  n d ’ s ’ t i t  3 p o’ r c i ’u t t  ( f em sum nut i fl~~ ‘S t r u t  1s t  I c  n un tu h
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